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SACRAMENTO METROPOLITAN AREA, CALIFORNIA

EXECUTIVE SUMMARY

Introduction

This Feasibility Report and Environmental Impact
Statement/Environmental Impact Report (FR/EIS/EIR) describes the
results of studies on flooding problems along the Sacramento
River and Yolo Bypass from the Sacramento Weir downstream to an
area just south of Freeport (see Plate A). The study area is
located along the Sacramento River, in Yolo County, California,
and is not included in the American River Watershed
Investigation. The report also identifies a Selected Plan to
reduce the potential flood threat to the West Sacramento area.
The report includes a main report, EIS/EIR and appendices. The
non-Federal sponsor of the study is the State of California.
Public and agency comments on the draft report and the proposed
plan have been solicited in the draft report and have been used
to develop the Selected Plan. The report will be submitted to
the Congress for construction authorization.

Study Authorization

The basic authority for the study is provided in the Flood. Control Act of 1962 (Public Law 87-874), which directs the Corps
of Engineers to study flood control problems in the Sacramento
River basin and other streams in northern California.

Flood Problem

In February 1986, major storms in northern California caused
record floodflows in the Sacramento River Basin. Significant
flood damage resulted, and it is estimated that if the storms had
lasted much longer, major levee failure would have been likely.
Resulting flooding could have caused loss of life and billions of
dollars in damages in the basin.

In the study area, riverflows and local tributary inflows
exceeded design levels throughout the flood control system.
Photographs of Interstate 80 and the Yolo Bypass during the
February 1986 flood show the high water levels and their
proximity to West Sacramento (see Plate B). Prior to the 1986
flood, West Sacramento was thought to have in excess of 100-year
level of flood protection. However, based on stage-frequency
relationships, the frequency of the 1986 flood for the study area
was estimated to be approximately 70 years for both the Yolo
Bypass and the Sacramento River. Currently, about 30,000 people
are at risk from flooding in the West Sacramento area, and there
is an estimated $1.2 billion in damageable property in the flood
plain.
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Flood plain studies in 1988 for the Federal Emergency
Management Agency concluded that virtually all of the study area
is within the 100-year flood plain. The West Sacramento area is
temporarily exempted from implementing the restrictions
associated with the National Flood Insurance Program building
moratorium. When the restrictions are implemented in November
1992, there could be a significant impact on future development
in the area.

Flood Control Alternatives

Flood control alternatives were formulated by (1)
identifying and evaluating a variety of flood control measures
and (2) developing final alternatives based on feasible measures.
Potential measures included modifying existing weirs, modifying
existing levees, diversion facilities, storage facilities,
deepening or enlarging channels, and nonstructural measures.- The
only measure that was technically, economically and
environmentally feasible was to modify existing levees.

As the final alternatives were developed, it was assumed
that the flood control improvements proposed in the Sacramento
River Flood Control System Evaluation (System Evaluation) and the
American River Watershed Investigation would be in place under
with- and without-project conditions for this study. The System
Evaluation includes structural modifications to the flood control
levees to return them to their original design. The levee
embankment of the Sacramento River Flood Control Project were
originally designed based on 1) a design discharge, 2) a design
water surface, and 3) a minimum freeboard requirement above the
design water surface. A flood frequency was never assigned to
the original design. Details of these design water surface
elevations can be found in the Sacramento River Flood Control
System Evaluation, Initial Appraisal Report (January 1991).
Therefore, it was assumed that the levees in the study area would
be structurally stable. The Selected Plan for the American River
Watershed Investigation consists of a 200-year, peak-flow, flood-
control-only dam located near Auburn on the North Fork of the
American River, levee and channel modifications around the
Natomas area, and a detention basin in northeast Natomas near
Pleasant Grove Canal.

The final alternatives include:

No Action. - Under this alternative, the Federal government
would take no action toward implementing a specific flood control
plan in the study area. No action also includes flood control
improvements proposed in the American River Watershed
Investigation.

100-Year Plan. - This alternative would provide a 100-year
level of protection for the West Sacramento area. The plan
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consists of raising portions of the levees around the city of. West Sacramento. The proposed levee work would consist of
raising existing levees a maximum height of 4.2 feet along 5,800
linear feet of the south levee of the Sacramento Bypass and 4.7
feet along 24,800 linear feet of the Yolo Bypass east levee.

200-Year Plan. - This alternative would provide a 200-year
level of flood protection for the West Sacramento area. The
features of this plan are the same as the 100-year plan except
that levees would be raised a maximum height of 4.8 feet and 5.3
feet along the respective levees.

400-Year Plan. - This alternative would provide a 400-year
level of flood protection for the West Sacramento area. The
features of this plan are the same as the 100-year plan except
that levees would be raised a maximum height of 5.0 feet along
5,800 linear feet of the south levee of the Sacramento Bypass and
5.5 feet along 24,800 linear feet of the Yolo Bypass east levee.

Each of the alternatives would include features to offset
adverse environmental impacts. First cost estimates for the
100-, 200- and 400-year plans are $15.9, $18.1 and $18.4 million,
respectively. Average annual equivalent benefits are estimated
to be $7.2, $8.9 and $9.8 million, providing net benefits of
$5.6, $7.1 and $7.9 million for the 100-, 200- and 400-year
plans, respectively. The plan that maximizes the net benefitsO (National Economic Development [NED] plan) is the 400-year plan.

Selected Plan

The non-Federal sponsor, the State of California, supports
the NED plan as the Selected Plan. Based on the analyses and
local support, the NED Plan was chosen as the Selected Plan.

The primary features of the Selected Plan are:

Flood Control

" Raise a total of 5.7 miles of existing levees around
West Sacramento. This includes raising 1 mile of the
south levee of the Sacramento Bypass a maximum of 5.0
feet and 4.7 miles of the Yolo Bypass east levee a
maximum of 5.5 feet.

" Levee raising will be landward for levees on the south
side of the Sacramento Bypass and the Yolo Bypass south
to the Southern Pacific Railroad to the Sacramento Ship
Channel. Levee raising would be on both the landward
and waterward sides of the Yolo Bypass east levee
between the Sacramento Bypass and Southern Pacific
Railroad.
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Obtain material from two borrow sites, one within the
Sacramento Bypass and one owned by the Sacramento-Yolo
Port District.

Place a 12-inch blanket of riprap on the raised levees.

Install a flood gate at the Southern Pacific Railroad
crossing along the east side of the Yolo Bypass.

Environmental Mitigation

9 Create and manage 39.4 acres of wetland and 13.1 acres
of upland grassland habitat.

* Reseed 150 acres of upland grassland habitat.

Features of the Selected Plan are shown on Plate C. The
Selected Plan would provide 400-year level of flood protection to
the West Sacramento area. The plan would reduce the average
annual equivalent flood damages from about $10 million to about
$1.7 million. The potential hydraulic impacts associated with
the levee-raising alternatives were analyzed in terms of changes
in existing depth, duration, and frequency of flooding for
adjacent and downstream areas. The analysis indicated that there
would be no significant hydraulic impacts caused by the Selected
Plan.

The Selected Plan was developed to avoid and/or minimize (to S
the greatest extent possible) adverse environmental impacts in
the study area. Unavoidable impacts would include the permanent
loss of 11.9 acres of wetlands and 29.0 acres of upland grassland
and temporary loss of 149.8 acres of upland grassland. The
permanent impacts would be fully mitigated by creating and
managing 39.4 acres of wetlands and 13.1 acres of uplands
habitats on a 70-acre parcel in the Yolo Bypass immediately south
of the Sacramento Bypass. The temporary loss of upland grassland
would be offset by reseeding the area.

The total first cost of the Selected Plan is estimated at
$17.4 million (October 1991 price levels). The decrease in cost
from the preliminary 400-year alternative to the Selected Plan
($18.4 to $17.4 million) was due to the selection of a less
expensive environmental mitigation site and refinements in
detailed cost estimates for the plan. The total annual costs of
the plan are estimated at $1.7 million including $20,000 for
operation and maintenance and replacement costs. Potential
benefits of the Selected Plan include inundation reduction,
location, intensification, and flood insurance program benefits.
The average annual equivalent benefits at an interest rate of 8-
3/4 percent are estimated at $9.8 million (includes $1.3 million
in location benefits), yielding a benefit-to-cost ratio of 5.7 to
1.0. Tables A and B show the first and annual costs and benefits
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and a breakdown of the costs for the Selected Plan among the. Federal/non-Federal interests.

Cost Sharing

Current Federal regulations require non-Federal
participation in the financing of projects. In accordance with
the Water Resources Development Act of 1986, the non-Federal
sponsor will provide lands, easements and rights-of-way for
construction and maintenance of the project, a cash contribution
of 5 percent of the total project cost, and additional cash (if
necessary) to bring the non-Federal share to a minimum of 25
percent of the total project costs. Based on these requirements,
the total non-Federal share of the project cost is $4,323,000.
In addition, the non-Federal sponsor will be responsible for the
operation and maintenance of the project.

Local Support

There is strong local support for a plan that would provide
a high level of flood protection to the area, while minimizing
any potential adverse environmental impacts. The State of
California, as well as County, City, and other local agencies,
are actively cooperating in the development of an acceptable
plan.

Conclusions

A serious flood threat exists in the West Sacramento area.
Technical and economic analyses indicate that there are feasible
flood control plans that could alleviate this flood threat.
Based on these analyses and input from the local sponsor, a plan
has been selected that includes levee raising around the West
Sacramento area. This plan provides a 400-year level of flood
protection and environmental mitigation for potential impacts.
The Selected Plan assumes the American River 200-year flood
control-only dam is in place under the with- and without project
conditions. If the American-River-project is not constructed, the
proposed Selected Plan for Sacramento Metropolitan Area Study is
still feasible and will provide the area of West Sacramento-with
at least a 150-year level of flood protection.
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TABLE A

ECONOMIC SUMMARY OF SELECTED PLAN

Annual Costs

Total First Costs $17,400,000

Interest During Construction 1,600,000

Total First Investment 19,000,000

Interest Rate 8.875 %

Analysis Period (years) 100

Annual Costs 1,680,000

O,M & R Costs 20,000

Total Annual Costs $1,700,000

Item S Millions

Annual Cost 1.7

Annual Benefits 9.8

Net Benefits 8.1

B/C Ratio 5.7
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TABLE B

SELECTED PLAN
SUMMARY OF FIRST COSTS

Federal Non-Federal Total
Lands and Damages $180,000 I_/ $1,700,000 $1,880,000
Relocations --- 15,000 15,000

Fish & Wildlife Facilities 2,400,000 --- 2,400,000

Levees 10,200,000 --- 10,200,000

Cult Res Preservation 2_/ 131,000 --- 131,000

Engineering and Design 1,660,000 5,000 1,665,000

Construction ManaQement 1,130,000 2,000 1,132,000

Subtotal $15,701,000 $1,722,000 $17,423,000

Non-Fed Cash Contribution -2,601,000 +2,601,000

Project First Cost $13,100,000 $4,323,000 $17,423,000

. _/ Federal administrative costs for non-Federal land
acquisition.
2_/ Cultural Resources Preservation costs associated with
mitigation and/or data recovery up to one percent of the total
Federal costs are not subject to cost sharing.
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CHAPTER I

INTRODUCTION

PURPOSE AND SCOPE

This feasibility study was undertaken to (1) evaluate the need
for additional flood protection in the Sacramento Metropolitan
area that was not included in the American River Watershed
Investigation, (2) identify alternatives to increase the level of
flood protection, and (3) determine the Federal interest in these
alternatives based on costs, benefits, environmental impacts, and
local interest and support. The study area includes the developed
areas along the Sacramento River and Yolo Bypass from the
Sacramento Weir, downstream to an area just south of Freeport and
from the west levee of the Sacramento River to the east levee of
the Yolo Bypass (see Plate 1).

STUDY AUTHORITY

The U.S. Army Corps of Engineers (Corps) conducted the
Sacramento Metropolitan Area Study under the authority of the
Flood Control Act of 1962 (Public Law 87-874), a portion of which
reads as follows:

The Secretary of the Army is hereby authorized and
directed to cause surveys for flood control and
allied purposes, including channel and major
drainage improvements, and floods aggravated by or
due to wind or tidal effects, to be made under the
direction of the Chief of Engineers, in drainage
areas of the United States and its territorial
possessions, which include the following named
localities: Sacramento River Basin and streams in
northern California draining into the Pacific Ocean
for the purposes of developing, where feasible,
multi-purpose water resource projects, particularly
those which would be eligible under the provisions
of Title III of Public Law 85-500.

STUDY PARTICIPANTS AND COORDINATION

The Corps, Sacramento District, conducted the study,
formulated and evaluated flood control alternatives, and prepared
this report. Study activities were coordinated with the
non-Federal sponsors and local interests and other agencies, who
contributed significant information on existing and future
development, environmental resources, and project operation and
maintenance activities within the study area and cooperated in
developing the Selected Plan.Q1



The State of California State Reclamation Board (Board) is the
local sponsor for the study; agencies participating as
cost-sharing partners with the Board include the City of West
Sacramento, Yolo County, Yolo County Flood Control and Water
Conservation District, and Reclamation Districts 900, 537, 2068,
and 811. In addition to sharing the study costs, the Board
provided levee crown surveys, hydrologic and maintenance data on
the Fremont and Sacramento Weirs, and real estate acquisition
estimates. The Board also assisted the Corps in public meetings,
which were held to gather comments from and provide information to
local interests on the study. A draft Environmental Impact
Statement/Environmental Impact Report (DEIS/EIR) was coordinated
for public and agency review between October and December 1991.
Two public workshops and a public hearing were held in December
1991. Comments were received on the draft report, and these
comments were considered in the final revision of this document.

In addition to the Board and other cost-sharing sponsors, the
Corps also coordinated study activities with the following
agencies and local interests, who provided documents and data for
various stages of the investigation and participated in public
meetings.

Federal Agencies

Bureau of Indian Affairs
Bureau of Reclamation
Environmental Protection Agency S
Fish and Wildlife Service
Geological Survey
National Marine Fisheries Service
Soil Conservation Service

California State Agencies

Department of Fish and Game
Department of Transportation
Department of Water Resources
Reclamation Board
State Historic Preservation Officer
State Lands Commission

Local Agencies and Organizations

County of Sacramento
Southern Pacific Transportation Company
Yolo Basin Foundation
Yolo Basin Working Group
Yolo County Office of Emergency Services
Yolo-Solano Air Pollution Control District
Yolo-Solano Flood Control Task Force

0
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PRIOR STUDIES AND REPORTS

Prior reports of primary importance to the Sacramento
Metropolitan Area Study are summarized in Table 1. Each report
provided background information on water resources and
opportunities in the study area.
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CHAPTER II

STUDY AREA DESCRIPTION

EXISTING CONDITIONS

Existing Water Resources Projects

Sacramento River Flood Control Project. The Sacramento River
Flood Control Project is a comprehensive system of levees,
overflow weirs, outfall gates, pumping plants, leveed bypass
floodways, overbank floodway areas, enlarged and improved
channels, and dredging in the lower reach of the Sacramento
River.

The project was authorized by the Federal Flood Control Act of
1917. Major reconstruction of a much smaller existing system
began in 1918 and was sponsored by the Reclamation Board, State
of California. Various components were completed between 1952
and 1958, and the active portion was completed in 1968. The
project operates by containing potential floodwaters of various
streams, river channels, and sloughs between levees, which
protect against overbank flooding, and diverting these
floodwaters into the Butte Basin and the Sutter and Yolo bypasses
through a system of flood relief structures and.weirs (see PlateO 1). The project includes about 1,000 miles of levees including
170 miles of levees on the Feather River and tributaries that
provide flood protection to the cities of Colusa, Gridley, Live
Oak, Yuba City, Marysville, Sacramento, West Sacramento,
Courtland, Isleton, Rio Vista, and numerous smaller communities;
transcontinental railroads; feeder railroads; airport facilities;
and about 800,000 acres of agricultural lands and many state and
county highways. During its history, the project has prevented
billions of dollars in flood damage.

American River Flood Control Project. The American River
portion of the project consists of 10.8 miles of levee
improvements along the south bank of the river and about 5.8
miles of improvements along the north bank. The south-bank levee
extends from the mouth of the American River upstream to Mayhew
Drain of Mayhew Road. The north-bank levee extend from the mouth
of the American River upstream about 2.3 miles (in this reach,
the north levee along the NEMDC contains the lower American),
then about 3.5 miles upstream to the area near Cal Expo. These
levees are considered capable of safely containing sustained
flows of 115,000 cubic feet per second (cfs). The project also
includes two pumping plants, which discharge storm drainage
collecting inflow areas landside of the levee into the river. In
conjunction with Folsom Lake, the levee permits design releases
of 115,000 cubic feet per second (cfs) for flood control along
the river downstream. The project was completed by the Corps in. 1958 and is operated and maintained by the State of California.
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Sacramento River Deep Water Ship Channel. The Sacramento
River Deep Water Ship Channel (Ship Channel) is a 43-mile-long
channel formed by widening and deepening existing channels from
the Suisun Bay to Rio Vista and by excavating a new channel from
that point to Lake Washington in West Sacramento. The channel
project also includes a triangular harbor and turning basin in
Lake Washington and a 1.5-mile shallow-draft barge canal with a
86-foot-wide and 600-foot-long navigation lock between the harbor
and the Sacramento River.

The barge canal and lock, which has a 4-foot lift at normal
pool elevation, provides for the transfer of barges between the
two different water surface elevations. A 135-foot-span, single
leaf combination highway and railroad bascule bridge crosses that
canal at the harbor end of the lock. The lock is currently in
"caretaker" status under Corps jurisdiction and is permanently
closed except in emergency or special situations. Although State
and local agencies have expressed interest in reactivating the
lock, future operation is uncertain. The channel project was
completed in 1963, with the Sacramento-Yolo Port District as the
local sponsor. The Corps completed a Feasibility Report dated
July 1980, which presented the results of an investigation
conducted to determine the need for deeper draft channels to the
Port of Sacramento to improve the transportation of commodities
and to improve the safety and usefulness of existing channels.
The recommended plan provided for enlarging the Suisun Bay and
Sacramento River Deep Water Channels from New York Slough to the
Port of sacramento, from the existing 30 foot channel to 35 feet.
Dredging from River Mile 41.5 to 35 was completed in April 1991.
In addition, the channel would be widened as necessary to
maintain navigation safety. Water quality monitoring is also
part of the recommended plan, salinity monitors were installed in
April 1991. The improvement project requires 45 acres of land
for the establishment of wetland habitat and 156 acres of land
for upland habitat to mitigate for losses of such habitat.

Central Valley Project. The Central Valley Project is a
multiple-purpose development that stores and transfers surplus
waters primarily from the Sacramento and Trinity River basins to
the water-deficient lands of the San Joaquin River and Tulare
Lake basins. The project, authorized in 1937, was constructed
and is operated by the U.S. Bureau of Reclamation (USBR).
Although the main function of the project is water supply, it
also provides benefits to power, flood control, navigation, fish
and wildlife, recreation, and water quality control. Physical
features include dams and reservoirs, pumping plants, canals and
generating facilities.

The main source of project water is Shasta Reservoir,
completed in 1943, which stores 4.5 million acre-feet of water
and reserves 1.3 million acre-feet of storage space during the
flood season for flood control. A cooperative agreement between
the USBR and the Corps regulates the operation of Central Valley
Project reservoirs for flood control.
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Folsom Dam is located on the main stem of the American
River, 20 miles upstream from Sacramento near the city of Folsom,
and consists of a concrete gravity main dam, wing dams, and eight
earthfill dikes, creating a reservoir with a storage capacity of
1 million acre-feet. The Corps completed construction of Folsom
Dam and Reservoir in 1956 and transferred operation and
maintenance of the facilities to the USBR as part of the Central
Valley Project. The project provides 400,000 acre-feet of
authorized flood control space, 500,000 acre-feet of water for
irrigation and municipal uses, and 500 million kilowatt-hours of
hydroelectric power annually.

California State Water Project. - In 1959, the State
Legislature enacted the California Water Resources Development
Bond Act, which authorized the construction and operation of the
State Water Project to balance California's water resources and
water needs. State Water Project facilities'include 23 dams and
reservoirs, 8 powerplants, 22 pumping plants, and 684 miles of
aqueducts.

The project's major feature is Oroville Lake, located 4 miles
northeast of Oroville on the Feather River. Oroville Dam, which
was completed in 1967 and is the highest earthfill dam in the
United States, impounds a 3.5-million acre-foot reservoir,
750,000 acre-feet of which are reserved for flood control. Flood
control operations are coordinated with New Bullards BarO Reservoir on the North Fork of the Yuba River, according to Corps
regulations.

Local Levees. Several non-Federal levees in the Sacramento
Metropolitan area, including road and railroad embankments that
generally function as barriers to floodflows during major floods,
could impact flood stages and flooded areas within the Sacramento
area. The two significant private levees in the study area are
(1) a 1.2-mile reclamation levee along the southern limit of West
Sacramento, which connects the Sacramento River Flood Control
Project levee on the east and the Yolo Bypass levee on the west
and acts as a temporary barrier to potential floodwaters moving
southward from West Sacramento and (2) an embankment located
adjacent to the Port of Sacramento's south lock and barge canal,
which provides a measure of flood control to the area of West
Sacramento below the Port.

Drainage Facilities. A system of canals located within the
areas protected by Sacramento River Flood Control Project and
local levees collects and channels surface water runoff from
rainfall, irrigation, and other sources into pumping stations
located near the levee embankments. Water is then pumped through
the levee embankments into the Sacramento River, Yolo Bypass,
Ship Channel, and other tributaries that make up the Sacramento
River Flood Control Project system.

0
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Pumps are needed because water surface elevations on the
Sacramento River and Yolo Bypass during major flood events are
significantly higher than adjacent land surface elevations
landward of the levees. During major storms, the pumps run at or
near peak capacity to remove accumulated runoff since the sump
areas for the various pump stations have limited capacity.

Reclamation Districts 537 and 900, with a peak pumping
capacity of about 500 cfs, are primarily responsible for the
interior drainage and pumping of surface water runoff within West
Sacramento. Pumped water is diverted into the Sacramento Bypass,
Yolo Bypass and the Ship Channel.

Emergency Preparedness Plans

Corps of Engineers. The Sacramento District's response to
flood emergencies is comprised of three phases: (1) the
Informational Phase, during which Corps hydrological staff is on
a 24-hour information alert and begins a 24-hour liaison with
State Flood Operations Center(s), (2) the Alert Phase, during
which the Corps' Emergency Operations Center is activated and
office and field personnel cooperate with emergency teams of
affected State agencies in patrol and observation activities, and
(3) the Mobilization Phase, during which the District furnishes
or provides emergency assistance, including repairing levee
breaks, placing riprap and other material along levees to prevent
overtopping, constructing additional protective levees, and
providing sandbags.

State of California. The State-Federal Flood Operations
Center, in cooperation with the National Weather Service
California-Nevada River Forecast Center, provides 24-hour
monitoring and river information for early flood warnings to
local, State and Federal agencies. The Center makes
Federal-State forecasts of conditions and notifies individuals
and agencies to begin mobilizing levee patrols, moving equipment
and livestock, and evacuating flood plain residents.

At the same time, staff of the State and County Offices of
Emergency Services monitor flood information and prepare
emergency assistance. The Office of Emergency Services network
includes fire departments, law enforcement agencies, and highway
and road departments.

County of Yolo. The County of Yolo's multihazard emergency
plan includes emergency procedures for flooding and dam failure.
Each County agency has designated responsibilities during an
emergency, and an emergency center provides information and
coordinates activities. The City of West Sacramento is included
in Yolo County's emergency plan, but is currently drafting its
own plan, which it will operate in cooperation with the County
plan.
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Related Studies and Projects

Recent flood events in northern California exposed structural
problems and identified the inability of existing flood control
projects to provide critical flood protection in the area. The
Sacramento Metropolitan Area Study is one of eight current Corps
studies and projects to resolve flood problems in the greater
Sacramento area. The other seven studies and projects include
the Sacramento River Flood Control System Evaluation, the Cache
Creek Settling Basin project, the Folsom Dam and Reservoir
Reoperation Study, the American River Watershed Investigation,
and the Yolo Bypass Study. The Corps, along with State and local
interests, is also investigating the possibility of restoring
wetlands within the Yolo Bypass. In addition, the USBR has an
authorized project on the American River at the Auburn Dam site.

Sacramento River Flood Control System Evaluation. The
purposes of this five-phase study are to (1) evaluate the
integrity and level of flood protection provided by the existing
Sacramento River Flood Control Project levees, (2) determine
whether the levees currently function as designed, and (3)
determine the extent of Federal interest in construction if
reconstruction work is needed. The five phases are : Phase I -

Sacramento Urban Area; Phase II - Marysville/Yuba City Area;
Phase III - Mid-Valley Area; Phase IV - Lower Sacramento Area;
and Phase V - Upper Sacramento Area.

The first two phases of the evaluation focused on the heavily
populated Sacramento urban and Marysville/Yuba City areas. The
final three phases evaluating areas in the middle, lower (Delta),
and upper Sacramento valleys, respectively. The middle valley
area includes portions of the Yolo and Sutter Bypasses and levees
on the Feather and Bear Rivers not considered in the second
phase, as well as project levees on Yankee Slough and Dry Creek.
The lower valley includes project levees south of Sacramento and
West Sacramento, as well as tributaries to the west side of Yolo
Bypass from Fremont Weir to Putah Creek. The upper valley is
comprised of the area from Knights Landing north to Red Bluff,
including tributaries such as Elder and Butte Creeks.

The investigation for the first phase resulted in a report,
"Sacramento River Flood Control System Evaluation, Initial
Appraisal Report - Sacramento Urban Area," issued in May 1988.
Based on this report, detailed designs were initiated in April
1989 for structural rehabilitation of approximately 32 of 110
miles of levee evaluated in the Sacramento area. Construction is
now under way. Construction is expected to be completed by late
1993.

The investigation for Phase II resulted in a report,
"Sacramento River Flood Control System Evaluation, Initial
Appraisal Report - Marysville Yuba City Area", issued in January
1990. The results of the studies indicate that sections of
federal levees along the Feather and Yuba Rivers and their
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tributaries are susceptible to seepage problems and do not
provide the "design" levels of flood protection. About 30 miles
of remedial repairs are required to meet project design
requirements.

The Phase III report, " Sacramento River Flood Control
System Evaluation, Initial Appraisal Report - Mid-Valley Area,"
was issued in January 1991. The report focuses on the leveed
portions of the sacramento and Feather Rivers, the Yolo and
Sutter Bypasses and numerous tributary streams and smaller
waterways. The total length of the levees included in Phase III
is about 240 miles. The Corps has identified about 30 miles of
levees which require repair. A programmatic EIS is being
completed for Phases III through V.

Cache Creek Settling Basin Project. This project will raise
the levees surrounding the existing Cache Creek Settling Basin at
the entrance to the Yolo Bypass to reestablish the ability of the
settling basins to trap sediment and thus substantially reduce
sediment deposition in the Yolo Bypass. Construction began in
late 1990.

Folsom Dam and Reservoir Reoperation. This study is
assessing the costs, benefits, and other impacts resulting from
the temporary modification of the flood control operation of
Folsom Dam and Reservoir to provide greater flood protection for
parts of the Sacramento area. The study is assuming that
reoperation of Folsom will be required for-about 10 years, the
design document and EIS are scheduled to be completed by mid-
1992. It is anticipated that within this time frame, existing
flood control facilities will be improved and the construction of
a new flood control facility completed, making continued
reoperation unnecessary. The Corps, with the cooperation of the
USBR, is completing environmental studies.

American River Watershed Investigation. A Feasibility
Report/Environmental Impact Statement/Report (FR/EIS/EIR),
defined flood problems in the American River Watershed, including
the 55,000-acre Natomas area, and developed alternatives to
resolve those problems. The investigation also considered water
supply and recreational development needs in the watershed. The
report's Selected Plan recommends construction of a 200-year,
flood- control-only facility located above Auburn, with levees
raising around Natomas and a detention basin in northeast
Natomas.

According to the report, a significant flood threat would
remain with any protection lower than 200 years. Studies
indicate that 200-year (or greater) protection could be achieved
only with a new flood detention capacity located upstream of
Folsom Dam in the upper American River canyon. (This study
assumes that the USBR Auburn Dam Project will not be constructed
as currently authorized.)
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Potential modifications to the Fremont Weir and Yolo Bypass,. which were initially a part of the Sacramento Metropolitan Area
Study, were transferred to the American River Watershed
Investigation after a determination that they primarily
benefitted the Natomas area. The Board, the non-Federal sponsor,
concurred in the transfer since local entities, particularly the
City and County of Sacramento, which would derive the most
benefit from the modifications, were already cost sharing in the
American River Watershed Investigation.

Yolo Bypass Reconnaissance Study. This study is evaluating
the flood problems and potential solutions along the Yolo Bypass
from the Fremont Weir south to Liberty Island in Yolo and Solano
Counties. The focus is primarily on the west side of the Bypass,
including the Colusa Basin Drain, Cache Creek, Putah Creek, and
Willow Slough, and the Elkhorn area, which is located between the
Sacramento River and the east levee of the Yolo Bypass, with the
Fremont Weir on the north and the Sacramento Weir on the south
(see Plate 2). The Elkhorn area was initially included in the
Sacramento Metropolitan Area Study, but was transferred to the
Yolo Bypass Study at the request of the local sponsor to analyze
measures to provide increased flood protection for the Elkhorn
area.

Yolo Basin Wetlands Project. This project was authorized by
the Water Resources Development Act of 1986, Section 1135(b) toO restore wetlands within the Yolo Basin area and contribute to a
larger program currently being planned by an interagency group of
Federal,.State, and local agencies and organizations. Corps
planning and engineering expertise is being used to create and
restore wetlands on and adjacent to project lands. Proposed work
includes physical improvements within and adjacent to the
permanent and seasonal wetlands, riparian forest, and upland
grassland habitat.

Proposed improvements include excavating permanent wetlands,
modifying the existing irrigation system, constructing small
dikes and weirs for seasonal wetland impoundments, and
constructing maintenance roads, fences, and gates. The State and
the City of Davis, who are the local sponsors, are contributing
lands. The California Department of Fish and Game is sponsoring
two parcels within the Yolo Bypass, and the City of Davis is
sponsoring a parcel adjacent to the Willow Slough Bypass. When
construction is completed, the Corps will monitor each site for a
year and then turn the sites over to the local sponsors for long-
term management.

Authorized Auburn Dam Project. The USBR's Auburn Dam was
authorized in 1965 under Public Law 89-161 as part of the Auburn-
Folsom South Unit. As authorized, the dam would be about 653
feet high and impound a reservoir of 2.3 million acre-feet. When
operated with Folsom Reservoir, it would provide a high level ofO flood protection to the Sacramento area. Construction of the dam
began in 1967 but was suspended in 1975 after the Oroville
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earthquake, pending further seismic evaluation. Although the dam
was determined to be seismically safe in 1980, construction was
delayed until downstream flow issues were resolved. To date, no
non-Federal project sponsor has been identified, and construction
of the authorized project has not been resumed.

In 1987, the USBR released a report prepared for members of
a State/Federal Auburn Dam Task Force, which analyzed costs
associated with five alternative reservoir sizes at the damsite.
The USBR is currently conducting a water supply needs study which
will include the evaluation of a multi-purpose dam at the Auburn
site.

SACRAMENTO RIVER BANK PROTECTION PROJECT

This project is a long-term program that allows the Corps to
use erosion control and setback levees to maintain the integrity
of the Sacramento River Flood Control Project. Erosion control
includes various forms of bank protection, but primarily consists
of placing rock riprap to protect the levees. Setback levees
involve moving existing levees farther from the river. The
project area encompasses the 980 miles of levees along the east
and west banks of the Sacramento River from Collinsville to Chico
Landing; tributaries such as Steamboat Slough; and along the
Feather, Bear, Yuba, and American Rivers; Sutter and Yolo Bypass;
and smaller tributary streams.

YUBA RIVER BASIN INVESTIGATION

The reconnaissance study was completed in March 1990. Of
the proposed alternatives investigated in the reconnaissance
study, levee raising along the Feather and Yuba Rivers to provide
at least a 150-year level of flood protection was found to be
feasible. Detailed feasibility-level studies were initiated in
September 1991. A draft feasibility report and EIS are expected
to be completed in late 1993. Levee raising, if authorized,
would take place primarily on the landward side of the levees,
affecting primarily agricultural and grassland habitats.
Detailed environmental analysis and mitigation studies will be
conducted for the EIS.

Environmental Setting and Natural Resources

Study Location. The study area is located in Yolo County
near the City of Sacramento and includes the City of West
Sacramento in the southeast portion of the Sacramento Valley (see
Plate 1). The study area, begins just upstream of the Sacramento
Weir and extends downstream to Freeport, is bounded on the north
by the Sacramento Weir, on the east by the Sacramento River, on
the west by the west levee of the Yolo bypass and on the south by
Freeport. A more detailed discussion of environmental resources
can be found in the EIS/EIR attached to this report.
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Area Description. Components of the Sacramento River Flood
Control Project, including levees along the Sacramento River,
Sacramento Weir, and portions of Yolo and Sacramento Bypass
channels, lie within the study area. The Yolo Bypass occupies
about 40,000 acres, the Sacramento Bypass 400 acres, and the
West Sacramento area 12,000 acres. Flows emptying into the Yolo
Bypass include those from the Colusa Basin Drain, Cache Creek,
Willow Slough, and Putah Creek. The study area also includes the
Ship Channel and associated Port facilities. A private levee
forms the southern boundary of the West Sacramento area.

The south Sacramento area, flanked by the Sacramento and
American Rivers, was to be initially evaluated for additional
flood protection by both the American River Watershed
Investigation and the Sacramento Metropolitan Area Study.
Development of alternative plans for the American River Watershed
Investigation, however, indicated that alternatives which
protected south Sacramento from American River flows also
protected the area from Sacramento River flows.

Since both with- and without-project conditions in the study
area assume implementation of the Selected Plan for the American
River Watershed Investigation, further analysis of alternatives
to protect the south Sacramento area as a separate flood plain
was not needed and therefore the south Sacramento area was
deleted from this study. The revised study area for the. Sacramento Metropolitan Area Study is delineated on Plate 1 and
is basically the urbanized area of West Sacramento.

Geology and Soils. The study area is geologically part of the
Great Valley Geomorphic province of California, which was filled
with erosion debris from the surrounding mountains. Most soils
in the area are recent alluvial flood plain deposits, consisting
of clay, silt, and sand. Each floodflow deposits fresh alluvium,
particularly within the bypasses.

Since completion of the Fremont Weir in 1929, sediment has
been deposited on both sides of the weir, upstream to the
Sacramento River and Downstream for several thousand feet into
the Yolo Bypass. During extremely high flows, the Sacramento
River Flood Control Project conveys water from the Sacramento
River over the Fremont Weir into the Yolo Bypass. Because of the
relative capacities of the Sacramento River and Yolo Bypass, the
majority of floodflows from Sutter Bypass cross the Sacramento
River and enter the Yolo Bypass. By the early 1980's, sediment
had built up higher than the sill elevation, which induced
approximately 1 foot higher flood stages at the weir during the
1983 and 1986 floods. In 1986 and 1987, the State removed about
two-thirds of the sediment in and around the weir and in 1991
completed the cleanout to an average of about 3 feet below the
sill elevation.
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Climate. The Sacramento area has a mediterranean climate
characterized by hot, dry summers and mild, rainy winters. The
major portion of the seasonal rainfall generally occurs from
December through February. The seasons are so distinctly
different that the period from May to October may be termed the
dry season and November to April the wet season. Precipitation
in the Sacramento Valley, which usually falls as rain, varies
from an average of 16 to 20 inches on the valley floor to about
70 inches in the higher mountains.

Local meteorological conditions result from the topography
of the valley. Winds are channelled by the mountain ranges
surrounding the valley so prevailing winds in West Sacramento are
from the south and west. Air flow passes through the Carquinez
Straits, bringing cool southerly winds from the ocean in the
summer and rainstorms in the winter.

Air Quality. The study area lies within the Sacramento
Valley Air Basin, and pollutant sources are classified as urban.
The U.S. Environmental Protection Agency (EPA) has designated the
basin, including West Sacramento, as a "non-attainment" area.
Principal constituents of concern include ozone, nitrous oxide,
and carbon monoxide. The West Sacramento portion of Yolo County
has an unclassified status for carbon monoxide, which means that
there are insufficient monitoring data to determine attainment
status.

Federal air quality standards for ozone are exceeded several
times each year. Motor vehicle emissions, pesticide use, and
non-highway mobile sources (boats, off-road vehicles and
aircraft) contribute to the air pollution problem. (See EIS/EIR
Chapter 7.)

Water Quality. Water quality of the Sacramento River is
listed as impaired from the Sacramento Slough to Rio Vista.
Water quality can be affected by upstream agricultural discharges
and runoff, which are highly turbid and contain pesticides and
herbicides, and by urban and industrial runoff.

Water quality in the Yolo Bypass is determined by the
quality of water entering the bypass. Similarly the Sacramento
Bypass receives its waters from the Sacramento River. Water in
the Ship Channel near the Port has a higher level of total
dissolved solids than the Sacramento River because insufficient
water moves through the lock to flush that portion of the
channel. (See EIS/EIR Chapter 6.)

Vegetation. Vegetation in the study area includes mixed
riparian forest, riparian shrub/scrub, freshwater emergent
wetland, open water, valley grassland, and willow scrub.

Mixed riparian forest and riparian scrub form narrow, linear
bands adjacent to the Sacramento River, Tule Canal, and various
toe drains adjacent to the waterside of the levees. Trees
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include oaks, sycamores, willows, and cottonwoods; the understory. is herbaceous, composed of grasses, blackberry, poison oak, and
wild rose. Emergent marsh vegetation is found in areas of open
water near the Sacramento Bypass.

The central part of the Yolo Bypass is farmed, and riparian
vegetation is confined to canals and toe drains. Putah Creek
empties into the Yolo Bypass on the west side; at the creek's
terminus there are areas of riparian scrub and forest.

Agricultural, industrial, and residential land uses in West
Sacramento limit riparian vegetation to drainage ditches and
areas along the Sacramento River. The levee adjacent to the east
side of the Ship Channel is sparsely vegetated with grasses and
forbs. (See EIS/EIR Chapter 8.)

Fisheries. The Sacramento River provides important spawning
and rearing habitat for an abundant and diverse variety of both
anadromous and resident species of fish. Anadromous species
include striped bass, steelhead trout, American shad, and chinook
salmon. Resident species include catfish, black bass, largemouth
bass, black crappie, warmouth, Sacramento squawfish, and
Sacramento sucker.

When Sacramento River floodflows are diverted into the Yolo
and Sacramento Bypasses at the weirs, fish species inhabiting theO river also enter the bypasses. When flows recede, depressions
within the bypasses form temporary pools, and fish that are not
flushed out are stranded. Because of the intermittent nature of
flows, the bypass areas do not support permanent fish
populations. However, the canals and toe drains do provide year
round habitat for warm water species such as carp and catfish.

The Ship Channel supports anadromous sport species such as
the king salmon, striped bass, and steelhead. Resident species
include the channel catfish, brown bullhead, and sunfish. (See
EIS/EIR Chapter 9.)

Wildlife. Wildlife species are associated with the type of
habitat available for food, cover, and nesting. Riparian forest,
valley oak woodland, and freshwater marsh areas are highly
productive wildlife areas, which support such species as the
house finch, scrub jay, acorn woodpecker, egret, owl, red-tailed
hawk, Swainson's hawk, Virginia opossum, gray fox, raccoon,
western gray squirrel, and muskrat. During the winter months,
migratory waterfowl and raptors use the Yolo Bypass for the
purpose of foraging and nesting habitat.

The open grassland and riparian scrub areas are used by the
California ground squirrel, California vole, California quail,
and American goldfinch, which feed on seeds and vegetation.
Vertebrate predators include the red-tailed hawk and striped. skunk.
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Agricultural fields provide foraging areas for the red-tailed
hawk, Brewer's blackbird, and Swainson's hawk, which often nest
in nearby riparian areas and use agricultural fields and annual
grassland for feeding. (See EIS/EIR Chapter 10.)

Rare, Threatened and Endangered Species. One Federally
threatened species, the valley elderberry longhorn beetle is
found in the project area. No Federally listed plant species are
known to exist in the study area. In addition, several Federal
candidate species, the California Hibiscus, California tiger
salamander, Sacramento Anthicid Beetle, Sacramento Valley tiger
beetle and the tricolored blackbird may occur in the area.

The giant garter snake, a State listed threatened species and
a Federal candidate species which has been proposed for listing
as a Federal Endangered Species, may also occur in the study
area. Swainson's hawk, a State-listed species, nests in large
trees (usually in riparian areas) and forages in agricultural
fields in the study area. (See EIS/EIR Chapter 11.)

Socioeconomic Conditions

The City of West Sacramento, has an existing population of
about 29,000 and contains approximately 12,000 acres; the extent
of existing development is shown on Plate 3. Incorporated in
1987, the City is projected to grow to about 30,270 by 1998,
assuming a minimum 100-year level of flood protection has been
achieved (see Appendix A, Economics).

Population growth could be accelerated if transportation
access problems to the southern part of West Sacramento are
solved. Several new bridges would be needed to adequately handle
the projected traffic volumes associated with growth in the West
Sacramento area. A few residences and businesses are located
along the Sacramento River, but no residential, commercial or
industrial development is allowed in the flood bypass areas.

Wholesale and retail trade, manufacturing, the professions,
and agriculture provide employment opportunities. In addition,
the State has designated West Sacramento as an Employment and
Economic Incentive Area, which provides incentives, such as
hiring and sales tax credits, for new and expanding businesses to
create new employment opportunities for local residents.

Land use is largely agricultural, with some marina and
residential development along the river. The State or private
interest manage several areas as refuges or wildlife management
areas. About 40 percent of the land in the City of West
Sacramento is urbanized, with development divided equally between
residential and non-residential uses. The City has the largest
concentration of industrial development in Yolo County.

The Port is a major shipping installation for the Sacramento
Valley and has special status as a foreign trade zone, which
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allows deferred or lower import duties and encourages new firms. to conduct business in the area. The area surrounding the Port
is developing as an industrial district. The immediate vicinity
has a significant amount of new facilities for small-scale
industrial and research and development activities.

A number of regional and local roadways and railroads service
the study area. Interstate 5 (1-5), Interstate 80 (1-80), and
Business 80/U.S. Highway 50 provide regional highway access. The
Southern and Union Pacific Railroads service industrial areas in
West Sacramento. (See EIS/EIR Chapter 17.)

Cultural Resources

Data from the study area firmly establishes human presence
for the last 10,000 years. This is evidenced by a sequence of
various artifactual assemblages representing either different
cultures or cultural adaptations to the region.

Anglo-Europeans first visited the study area in the late
1700s although Western culture did not begin to exert a strong
and lasting influence on the region until the early part of the
19th century: initially as a result of exploration parties, later
as a result of trading expeditions, and subsequently as a result
of mining activity that led to substantial settlements.

An information search of cultural resources information on
file at Information Centers of the California Archeological
Inventory was completed in June 1990. One archeological site was
identified in the project area; however, field reconnaissance and
augering at the site produced no indications of cultural
material. A field reconnaissance of all proposed construction
sites yielded no new cultural resources sites. A historic
structure, the Sacramento Weir, was determined to be eligible for
the Register of Historic Places in 1977. (See EIS/EIR Chapter
12.)

Recreation

The Sacramento River supports a variety of recreational
activities, including fishing, boating, water skiing, hiking, and
picnicking. About 20 marinas in the study area provide
facilities for boating and fishing. Sport fishing is probably
the most popular recreational resource of the river. Also,
strips of riparian vegetation along the riverbank provide good
areas for naturalists and birdwatching.

Recreational resources within the City of West Sacramento
include 12 park sites 4 mini-parks; 7 neighborhood parks, which
provide recreational programs; and 1 community park, Bryte Park,
which provides recreational facilities and programs to all of
West Sacramento. The City plans to develop its park system inO the future, and a number of new parks have been proposed in
conjunction with major development proposals in the study area.
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Other recreational facilities include a KOA Campground, the
Riverbend golf course and country club, and the El Rancho Bowling
Alley. V
Hazardous and Toxic Waste Sites

Hazardous and toxic waste sites located in the study area
could require special design or construction considerations for
the proposed levee alternatives. To identify known sites in the
study area, the Corps reviewed lists maintained by the EPA, the
State of California, and Yolo County. Sites near the proposed
work are listed in Table 2 and their locations shown on Plate 4.

The EPA maintains and updates the Federal "National Priorities
List" for uncontrolled hazardous and toxic waste sites, as
required by the Comprehensive Environmental Response,
Compensation and Liability Act of 1980. The latest list was
published in the Federal Register, April 1991, on pages 35502
through 35525. The State of California Office of Permit
Assistance in the Office of Planning and Research maintains and
updates the Hazardous Waste and/or Substance Sites List (Assembly
Bill 3750 list). The State Water Resources Control Board,
California Waste Management Board, and Department of Health
Services contribute to this list. The Yolo County Health
Services Agency maintains and updates the Hazardous Material Site
and Underground Tank Files, which lists local hazardous and toxic
waste sites. The literature review indicated that the majority
of the listed sites involved minor tank leaks and were not
located in areas of any proposed new levee work, environmental
mitigation, or borrow sites.

The Santa Fe pipeline site, which could be within the project
right-of-way, involves a spill of 84,000 gallons of gasoline.
Part of the liquid was recovered shortly after the spill, and
contaminated soils will be excavated and disposed of or treated.
In any case, proposed levee work near the spill site is directed
away from the site. Since no levee work is proposed in this
area, the site should not affect the proposed project although
its status should be monitored throughout advanced studies. In
addition, the U.S. Air Force Global Communication Transmitter
Station site, which involves a tank leak of diesel fuel and
trichloroethane, is located just outside the State's flowage
easement area but within the Yolo Bypass. A preliminary
assessment indicates no offsite migration of chemicals. This
site is not located within the proposed construction area.

The Corps recently developed agency policy in response to
the Comprehensive Environmental Response, Compensation, and
Liability Act, which holds certain categories of individuals
strictly liable for all cleanup and response costs of any
hazardous substance regulated under the Act. The policy states
that the local sponsor will generally be responsible for ensuring
cleanup and paying response costs of any hazardous waste sites
located on a civil works project.
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If hazardous and toxic waste exists in the construction
area, the Government will determine as soon as possible the
extent and nature of the contaminated material prior to 0
construction. If construction is underway, the Government and
local sponsor will decide whether to continue or terminate
construction or, if possible, redesign the project.

If the Government and local sponsor decide to proceed or continue
with construction after considering any liability that may arise
under the Comprehensive Environmental Response, Compensation, and
Liability Act, the local sponsor will be responsible for any
studies and cleanup and response costs. In addition, the local
sponsor will operate, maintain, repair, replace, and rehabilitate
the project in a manner so that liability will not arise under
the Act.

A field reconnaissance and review of aerial photos of the project
area will be conducted during advanced studies to determine if
there are any unlisted hazardous and toxic waste sites in the
project right-of-way. A preliminary property review has already
been conducted as part of the real estate portion of the study.
Results of the field reconnaissance and an updated literature
survey have been formally coordinated with the non-Federal
sponsor and the appropriate Federal, State, and local agencies.
In addition, the Corps will develop a contingency plan
identifying a responsible agency and outlining a course of action
in the event hazardous and toxic waste sites are uncovered during
construction. (See EIS/EIR Chapter 18.)S
FUTURE CONDITIONS

Population in the study area is estimated to increase about
72 percent from 1990 to 2048. Plate 5 identifies existing
development and estimates future development in West Sacramento
to the year 2048, assuming that a minimum of 100-year flood
protection is achieved and that infrastructure is expanded as
development occurs. Anticipated flood plain development is shown
in Table 3. A more detailed projection of future land use is
included in Appendix A, Economics.

Major residential, commercial and industrial projects are
planned for West Sacramento in areas along the river, near the
Port, and in Southport. Projects include the Lighthouse Marina,
and the proposed Raley's Landing, Port of Sacramento Industrial
Park, Southport Industrial Park, and development proposed in the
Newport Specific Plan. However, without a minimum flood
protection level of 100 years, the estimated depth of flooding
would preclude development.
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Without 100-year protection, development in the flood plain
will be severely restricted after November 1992, when new
development will be limited to structures that can comply with
the Federal Emergency Management Agency's flood plain management
regulations. This restriction would apply to virtually all of
West Sacramento.

Future conditions in the bypass areas are expected to remain
essentially the same. During nonflooding times of the year, the
bypasses will continue to be managed as wildlife areas or farmed.

TABLE 3
FUTURE GROWTH IN FLOOD PLAIN

IN ACRES

LAND USE 1992 1998 2008 2018 2028 2038 2048 TOTAL

Residential

Redeveloped1  4.8 0 7.7 31.0 1.4 5.8 0 50.7

Vacant 2  53.6 35.2 56.4 151.2 194.0 207.9 223.1 921.4

Commercial

Redeveloped 0 0 0.2 1.0 0 0 0.1 1.3

Vacant o 0 0 3.7 16.0 8.9 15.8 44.4

Industrial

Redeveloped 0 o0 0 0 0 0 0

Vacant 17.2 49.8 79.0 82.5 70.4 55.5 60.8 415.2

Public

Redeveloped 0 0 0 0 0 0 0 0

Vacant 0 82.1 4.6 0 a 0 0 86.7

Toal Vacant 7687.2 7520.1 7380.1 7142.7 6862.3 6590.0 6290.3 6290.3

and Ag.
Lands

i_/ Growth on lands already in urban use.2/ Growth on lands currently vacant or in agricultural use.

3_/ There are currently 7,758 vacant and agriculturalacres in the
flood plain.
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CHAPTER III

PROBLEMS AND OPPORTUNITIES FOR RESOLUTION

FLOOD PROBLEMS

Historical Flooding

As a result of climatic and geographical conditions, regular
flooding occurred naturally in the Sacramento Valley. During
winter and spring months, the capacity of the Sacramento River in
the valley area was insufficient to carry the heavy flows caused
by precipitation and snowmelt, and the river overflowed into the
surrounding countryside. The six historic flood basins in the
Sacramento Valley are shown in Plate 6.

Indian folklore and newspaper accounts mention at least nine
major floods prior to 1890. Losses throughout the Sacramento
Valley as a result of these floods were large, totaling at least
$11 million for the floods of 1904, 1907, and 1909. Until
floodwaters subsided, transportation, business, and farming came
to a standstill. More recently, large floods occurred in 1955,
1964, 1969, 1970, 1982, and 1986, which was the flood of record.
Table 4 shows the estimated peak flows of these floods, which
eroded and weakened levee embankments in the study area andO necessitated on-site emergency work to prevent levee failure.

TABLE 4
FLOWS OF HISTORIC FLOOD EVENTS AT THE LATITUDE OF SACRAMENTO1

Date of Flood Event Flows (cfs)
Dec. 1955 400,000
Dec. 1964 475,000
Jan. 1969 230,000
Jan. 1970 340,000
Dec. 1982 250,000
Feb. 1986 600,000

_/ Latitude includes Yolo Bypass and Sacramento River flows

downstream of mouth of American River.

February 1986 Flood of Record

The series of storms that struck California in February of
1986 resulted in the flood of record for many parts of northern
and central California. Record floodflows in the American River,
together with high flows in the Sacramento River, caused
encroachment into the design freeboard of levees protecting the
Sacramento area. (Freeboard is the difference between the high
water mark and levee crown elevations.) The inside slope of a
portion of the Garden Highway levee along the Sacramento River. eroded as a result of seepage through the levee, and only
emergency repairs prevented complete failure. Had the storms
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continued much longer, major sections of the levees would likely
have failed, causing probable loss of life and-billions of
dollars in damage.

In the study area, riverflows and local tributary inflows
almost exceeded the design levels of the flood control system.
A photo of the Tower Bridge during the February 1986 flood
demonstrates the high water level and its proximity to the
metropolitan area of Sacramento (see Figure 1). Prior to the
1986 flood, West Sacramento was thought to have a 100-year
level of flood protection. However, based on stage-frequency
relationships (using unadjusted historic data), the frequency
of the 1986 flood for the study area was estimated to be
approximately 70 years for both the Yolo Bypass and the
Sacramento River.

Stage-Frequency Relationships. Stage-frequency
relationships and water surface profiles were developed to
determine the current levels of flood protection throughout the
study area and the benefits of any flood control alternatives
to resolve the problems. Design flows and stages and peak
flows and stages during the February 1986 flood at available
gauging stations are compared in Table 5. Hydrologic and
hydraulic numerical models were used to compute water-surface
profiles for floods of various frequencies along the Sacramento
River. A description of stage-frequency relationships is
included in the Appendix C, Hydrology.

Consequences. The Sacramento River Flood Control Project
weir and bypass system was built to direct reservoir releases
and uncontrolled runoff around main population centers in the
Sacramento Valley. However, this system was severely tested
during the 1986 flood. As designed, the Sacramento Weir
directs floodwaters from the Sacramento River into the Yolo
Bypass, around the metropolitan areas of Sacramento and West
Sacramento. During large floods, a portion of the American
River flow moves upstream from the mouth of the American River
along the Sacramento River channel to the Sacramento Weir,
where it is diverted into the Yolo Bypass.

Table 5 shows that in 1986 the estimated peak flow over
the Sacramento Weir exceeded the project design flow (see
Figure 2). High flows in the river and wave action in the Yolo
Bypass took their toll on the structural integrity of the
levees, resulting in extensive damage (see Plate 7). Most of
the damage to bypass levees was the result of erosion caused by
waves observed at up to 6 feet. Emergency sandbagging was
required to prevent overtopping and continued loss of
embankment material from wave action.
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SACRAMENTO RIVER AT TOWER BRIDGE DURING FEBRUARY 1986 FLOOD.
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SACRAMENTO WEIR AND SACRAMENTO BYPASS NEAR PEAK OF
FEBRUARY 1986 FLOOD.
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TABLE 5
Comparison of Design Flows and Stages and Peak Flows and Stages during February 1986 Flood Event

Location Design Flow February 1986 Design St ge February 1986
(cfs) Peak Flow (cfs) (NGVD) Peak Stage

(NGVD)

Sacramento 107,000 92,900 38.2 39.1
River
at Verona

Sacramento 343,000 341,000 37.82 38.53

River Fremont
Weir Spill

YoLo Bypass 377,000 374,000 31.3 31.5
near Woodland

YoLo Bypass 490,000 495,000 to 23.2 24.9
near Lisbon 509,000

(estimated)

Sacramento 112,000 127,680 31.52 30.63
River
Sacramento Weir
Spill

Sacramento 31.5 30.6
River at Bryte

Sacramento 31.1 30.6
River at I
Street

Sacramento 110,000 117,000 25.4 25.1
River at
Freeport I I

1/ National Geodetic Vertical Datum.
/ Design stage of Sacramento River opposite location of weir.

Observed water surface elevation on Sacramento River 550 feet upstream of weir.

Although Sacramento River levees also had some wavewash
damage, the majority of the damage was associated with seepage,
boils and landside subsidence (see Figure 3), which often
required emergency work by Federal, State and local agencies to
minimize or prevent further damage during the flood. Plate 8
indicates some of the minimum freeboard observations for the
1986 flood, based on the corresponding water surface profiles.
The freeboard remaining during the flood was determined by
comparing surveyed high water mark information to surveyed
levee crown elevations.

Wind velocities were not severe during the 1986 flood;
however, severe wind velocities combined with wave action in
any future floods with a magnitude similar to the flood of 1986
could compound problems in the study area. Additionally, a
flood similar to 1986, but of longer duration, could increase
the potential for structural failure and levee erosion because
levee embankments would be subjected to pressure flows over
longer periods.
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Much of the critical damage to levee embankments was
repaired under the Corps' Public Law 84-99 program. The
Sacramento District received about 108 requests for assistance,
resulting in 20 construction contracts totaling about $11
million to repair damaged levees within the Sacrament/San
Joaquin drainage basin.

Emergency work under Public Law 84-99 on levees
surrounding Reclamation Districts 1600, 827, and 785 (all
within the Elkhorn area shown on Plate 1) totaled $400,000 in
construction costs. In addition, substantial damages along the
north Willow Slough Bypass and the west Yolo Bypass north of
Willow Slough Bypass (Reclamation District 2035) resulted in
about $170,000 of repair costs under the program.

Repair costs for the Sacramento Weir totaled $180,000.
The weir and the Sacramento Bypass suffered scour damage
associated with high flows and velocities to the concrete apron
just downstream of the weir (See Figure 4). Erosion and
undercutting damaged the concrete pavement protecting the weir
structure as well as the south levee embankment of the
Sacramento Bypass. Seepage was observed along both the north
and south levees of the bypass, while damage from wave erosion
occurred where the Sacramento and Yolo Bypass levees intersect.

Upstream of West Sacramento on the Sacramento River,
emergency activities to prevent further damage and possible
failure along Garden Highway levees cost about $295,000.

About $30,000 was expended to lay rock over a damaged area
along the east side of Yolo Bypass levees between the Southern
Pacific Railroad track and 1-80 in Reclamation District 900
(See Figure 5). The damage resulted from wave action, which
wetted the levee crown and caused extensive levee erosion.
During the storm, emergency sandbagging of the area by
California Conservation Corps crews prevented overtopping of
the levee embankments into West Sacramento. By the end of the
following summer, an additional $50,000 had been spent on
repair of damaged or low levees within the district. (This
area was also damaged during flooding in 1983, necessitating
emergency work levee repairs totaling over $500,000.)

Future Flood Threat
The flood of record demonstrated that the existing level

of protection in the study are was insufficient and that the
occurrence of a flood comparable to or larger than the 1986
flood could result in catastrophic damages and loss of life.
Because of the threat of future flooding, the Corps initiated
flood control studies for both the Sacramento and American
Rivers to determine possible alternative solutions.
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SACRAMENTO RIVER AT "I" STREET GAGING STATION AND
BRIDGE DURING FEBRUARY 1986 FLOOD.
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SACRAMENTO RIVER - WAVE EROSION OF WEST LEVEE

EMBANKMENT NEAR FREEPORT (FEBRUARY 1986 FLOOD). FIGURE 4
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PLACEMENT OF ROCK ON WEST SIDE YOLO BYPASS LEVEE SOUTH OF
1-80 (RD 900) DURING FEBRUARY 1986 FLOOD. FGR
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Study results indicated that even with a dam on the upper
American River, levee raising in the study area would still be
required to prevent flooding during times when the upper
Sacramento and Feather Rivers were experiencing major flood.
Historically, high flood stages in the study area have resulted
primarily from various combinations of flows from the upper
Sacramento, Feather, and American Rivers. Although a flood
control dam on the American River, together with levee
strengthening and raising in other parts of the study area,
would increase West Sacramento's existing level of flood
protection, caution should be expressed regarding the future
flood threat. A flood control dam on the American River would
not alleviate floodflows from the Yolo Bypass, which present
the primary flood threat to the City of West Sacramento.

On the American River, additional flood control detention
space could reduce the flood threat when the American River
watershed experienced significant runoff. Reduction of flow in
the American River would result in a reduction of peak flows on
the Sacramento River downstream of the mouth of the American.
For this flooding, upstream detention could alleviate some of
the flood threat along the eastern border of West Sacramento
and the western border of south Sacramento. However, for those
floods in which the major runoff was from the upper Sacramento
and Feather Rivers, a flood control dam on the American River
may not significantly reduce the threat of future flooding from
the Yolo bypass to the city of West Sacramento.

Land use changes and future development in the study'area
could also pose problems. If the minimum 100-year level of
flood protection is provided to the study area, increased
development will occur in accordance with the General Plan.
However, such development, combined with only a minimum level
of flood protection, could result in greater numbers of people
being placed at risk.

In addition, implementation of projects that may increase
levels of protection for upstream areas could impact the study
the study area. Significant modifications to upstream levees
which confine more floodwaters within existing or new flood
control channels, could increase the volume of floodwater
reaching the study area for floods greater than 100 years.
Such projects consider potential downstream impacts and the
possible need for downstream mitigation.

OPPORTUNITIES FOR RESOLUTION

Flood Threat

In the aftermath of the 1986 storm, flood frequencies in
the Sacramento River Basin were reevaluated. The frequency and
extent of major flooding in the study area were estimated on
the basis of hydrologic information and data on levee and
channel conditions. Recent studies have shown that large S
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floodflows on the Sacramento River may occur much more often
than previously believed and that currently the urbanized area
of West Sacramento has less than a 100-year level of flood
protection. The existing flood control system in the
Sacramento River is now estimated to provide significantly less
than a 100-year level of protection.

As a result of the flood threat and in accordance with
Public Law 87-874, the State and Corps initiated the Sacramento
Metropolitan Area feasibility study to determine possible
opportunities for resolving the flood control problems.
Construction of a project authorized by Congress would require
a non-Federal contribution of at least 25 percent of the
project costs, in accordance with the cost-sharing provisions
of the Water Resources Development Act of 1986 (Public Law 99-
662). Flood control alternatives were formulated and potential
measures evaluated, as discussed in Chapter 4, Plan
Formulation.

Recreation

The proposed flood control facilities offer an
opportunities for incorporating potential recreational uses.
Recreation development could be accomplished by the Federal
government in partnership with a local sponsor, usually a city
or county parks and recreation department.

Existing recreational activities on the Sacramento River
include fishing, boating, water skiing, hiking, and picnicking.
Along both the Yolo and Sacramento Bypasses, recreational
activities are limited to fishing for warm water resident fish.
Although demand for recreational facilities is expected to
increase in the future as local and regional populations
increase, recreational opportunities in the study area are
limited due to seasonal flooding of the bypasses and limited
public access.

With project implementation, service roads on the crown of
levees could be used as recreation trails serving bicyclists,
equestrians, hikers, and runners. Appurtenant supporting
facilities such as staging areas, parking lots, signage,
landscaping, and gates could be included to enhance the
recreational development. Another opportunity could be
improved access to fishing areas, such as trails or parking
areas.

Recreation costs are shared with the local sponsor, who is
also responsible for operation and maintenance of the completed
recreational facility. Recreation development is limited to
project lands unless health and safety considerations warrant
using additional land.

The City of West Sacramento has informally expressed
interest in incorporating recreation trails along the levee
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reaches proposed to be improved. The City of West Sacramento
currently has only one bikeway, which runs from downtown
Sacramento, through West Sacramento, to Davis via the Yolo
Causeway.

The EIR for the West Sacramento General Plan (April 2,
1990) lists four General Plan Policy Response items addressing
bicycle paths, which state that the City will (1) create and
maintain a system of bike paths which encourages walking or
bicycling as an alternative to driving, (2) cooperate with
other jurisdictions to design and implement an area wide
bikeway system that connects residential areas with recreation,
shopping and employment areas, (3) attempt to establish bicycle
parking facilities at all new major public facilities, business
and employment sites, and shopping centers, and (4) include
bicycle and pedestrian ways in all new bridge crossings.

The City of West Sacramento is currently preparing a
recreation master plan which will show proposed routes for
future bikepaths and other recreation features. Other local
entities such as Yolo County are also planning for recreational
development in the area and are potential local sponsors. In
addition, the Fish and Wildlife Service has commented that
there are substantial opportunities to improve recreational
facilities in the project area incorporating fish and wildlife
resources. Although recreational opportunities exist such
features must be cost shared with a non-federal sponsor. A
local sponsor has not been identified at this time. The local
sponsor must be willing to cost share 50 percent of the
recreational features.
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CHAPTER IV

PLAN FORMULATION

In accordance with Federal Water Resources Council's
Principles and Guidelines, plan formulation is the process of
developing and evaluating alternative plans to meet the needs and
desires of society, as expressed in specific planning objectives,
and selecting the plan that best satisfies the objectives. During
plan formulation for the Sacramento Metropolitan Area Study, the
following procedures were used in formulating and selecting a plan
to be recommended for implementation:

"• Establish specific planning objectives;

"• Define constraints and criteria for formulating an
implementable plan;

• Identify the alternative that maximizes National Economic
Development (NED) benefits; and

* Compare and evaluate the alternatives and select a plan to
be recommended for implementation.

* PLANNING OBJECTIVES

Planning objectives were established to serve as guidelines
for formulating and evaluating plans to address the problems and
realize the opportunities identified in the study area. These
objectives were to (1) reduce potential flood damages along the
Sacramento River and Yolo Bypass and in the urban areas of West
Sacramento and (2) preserve the study area's environmental and
cultural resources, and (3) develop the selected plan in
accordance with the Federal objective of water and related land
resource planning, including features that contribute to national
economic development and are consistent with environmental
statutes, Executive Orders, and other Federal planning
requirements for protecting the Nation's environment.

FORMULATION AND EVALUATION CRITERIA

The following criteria relate to the problems and
opportunities in the study area and provide the basis for
objectively and consistently evaluating the alternatives.
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Technical Criteria

• Plans will be consistent with local city and county
General Plans and with the provisions of the National
Flood Insurance Program.

; The selected plan will not (1) significantly impact
preproject conditions for floods exceeding project design,
without determining if compensation measures are required
and (2) significantly aggravate preproject flood hazards for
downstream developments without compensating for the effects
being considered.

Economic Criteria

* To'the extent possible, benefits will be expressed in
comparable terms, and evaluation of alternatives based on
the same price level, interest rate, and project life.

* Each alternative considered in detail will be justified
in the sense that total benefits associated with the
objectives are equal to or exceed total adverse effects
associated with the objectives.

* Project benefits will be based on analysis of conditions
with and without a project.

The selected plan will be the NED plan, which maximizes
economic benefits over project costs, unless there are
significant reasons to select an alternative plan.

Environmental Criteria

• Plans will be formulated to preserve and enhance the
quality of the natural environment and, to the extent
practical, preserve and enhance significant resources,
including fish and wildlife, vegetation, land, air, water,
open space, and aesthetic values.

* Mitigation for unavoidable environmental impacts will
be developed, including strategies to avoid impacts and
replace resources, and should be based on an incremental
analysis methodology.

• The relationship of the proposed action to land use
plans will be considered; the environmental impacts of
proposed actions evaluated; any unavoidable adverse
environmental effects delineated; alternatives to such
proposed action identified; the relationship between local
short-term uses and the maintenance or enhancement of any
long-term productivity determined; and any irreversible
and irretrievable commitments of resources involved in
project implementation identified.
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* The evaluation and preservation of historical,
archeological, and other cultural resources will be
considered.

social Criteria

* Safety, health, community cohesion, and social well-being
will be considered, the improvement of leisure
activities and public facilities evaluated, and the
displacement of people minimized to the extent practicable.

0 Project impacts on the income, employment, business and
industrial activities, population distribution, and
desirable community growth will be considered.

* General public acceptance of alternative plans will be
determined through public meetings, field inspections,
informal meetings, letters, and other public involvement
procedures.

0 Alternative plans should be workable within the
constraints of present and potential governmental
structure.

. PLANNING CONSTRAINTS AND CRITERIA

Plan formulation constraints for this investigation include
Congressional direction and current applicable laws, regulations,
and policies affecting the study area. In addition, the
Principles and Guidelines define specific criteria that are
applicable to the development of alternatives and plan selection
for all Federal water projects. These criteria are:

• Completeness, or the extent to which an alternative
provides and accounts for the investments and actions
necessary to ensure that planned effects are realized.

• Effectiveness, or the extent to which an-alternative
alleviates specified problems and achieves the specified
objectives.

* Efficiency, or the extent to which an alternative plan is
the most cost-effective means of alleviating specified
problems and realizing opportunities, consistent with
protecting the Nation's environment.

* Acceptability, or the workability of an alternative with
respect to acceptance by the public and State and local
entities and its compatibility with existing laws,
regulations, and public policies.
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PRELIMINARY FLOOD CONTROL MEASURES CONSIDERED

At the onset of the study, the Corps and local interests
identified a variety of possible flood control measures, includingl
modifying existing weirs and levees, constructing diversion and
storage facilities, deepening or enlarging channels, and
developing nonstructural alternatives. When the study was
initiated, the study area included the developed areas along the
Sacramento River and the Yolo Bypass from the Fremont Weir to an
area just south of Freeport (see Plate 9). As a result, of study
area modifications during preliminary investigations, alternatives
focused primarily on the urban areas of West and south Sacramento.
As noted in Chapter II, these modifications included the transfer
of portions of the study area to other Corps investigations:

* The Elkhorn area was transferred to the Yolo Bypass
Reconnaissance Study at the request of the local sponsor
to allow sufficient time for the development of
additional land use information. This study is scheduled
for completion in March 1992. As a result the original
study area was modified to include only the area from the
Sacramento Bypass to the area just south of Freeport.

* Potential modifications to the Fremont Weir and Yolo
Bypass, which primarily benefitted the Natomas area, were
transferred to the American River Watershed Investigation
since this investigation included this area.

Preliminary flood control measures were evaluated according
to technical, economic, environmental, and local acceptability
criteria and were either retained or eliminated from further
consideration, as described in the following paragraphs. Of the
measures considered, modification of the Sacramento Weir and
raising portions of levees in the study area were retained for
further study. As discussed in Chapter II, further evaluation of
the Fremont Weir and Yolo Bypass near the weir was transferred to
the American River Watershed Investigation.

Modify Existing Weirs

The modification of existing weirs to allow greater volumes of
floodwater to flow into the bypass system is accomplished by
physical alteration of the weirs or removal or reoperation of weir
gates.

The Fremont and Sacramento Weirs could be lengthened or
lowered to allow greater volumes of floodwater to pass from the
Sacramento River into the Yolo or Sacramento Bypasses,
respectively. In addition, the gates on the Sacramento Weir could
be removed or reoperated to allow earlier entry of flows from the
Sacramento River into the Sacramento Bypass. Preliminary studies
of the Sacramento Weir indicated that removing the gates or
lowering the weir crest appeared feasible.
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Fremont Weir options include lengthening the weir in
* combination with widening the Yolo Bypass, or lowering the weir.

Such improvements were evaluated to determine their ability to
divert greater floodflows into the Yolo Bypass, thereby reducing
flood stages in the Sacramento River. Options involving
lengthening the weir examined an extension of up to 1,000 feet.
The east levee of the Yolo Bypass would be setback in order to
better align the inlet of the Yolo Bypass with the outlet of the
Sutter Bypass. The length of the levee to be setback (in a
landward direction) is approximately 20,000 linear feet when
widening the bypass 1,000 feet. The weir extension would match
the current design. The embankment material would be replaced
with a concrete weir and riprap to match the current design.
Lowering Fremont Weir would involve lowering the crest elevation
and reshaping approximately 9,120 linear feet of concrete weir.
To ensure proper functioning of the weir, additional sediment
removal would be necessary to lower the land surface to an
elevation equal to or less than the weir crest elevations.
Approximately 400,000 and 600,000 cy of material would need to be
removed and disposed of when lowering the weir by 0.5 and 1.0
foot, respectively. When hydraulic evaluations of these
alternatives were made it was found that they would not
effectively reduce stages in the Sacramento River. The ability of
these measures to divert more floodflows into the Yolo Bypass are
limited by backwater effects resulting from constrictions in the
Yolo Bypass farther downstream.

. Modify Existing Levees

Raising existing levees would allow greater volumes of
floodwater to pass through the system without causing damage, thus
increasing the level of flood protection to the study area.
Preliminary studies indicated that this measure was feasible, and
it was considered in the development of alternative plans.

Several levee modification alternatives were analyzed
including the following:

Floodwalls. Levees can be raised by adding embankment material to
the top and sides of the levee or by building floodwalls on top of
the levee. If levee height increases are small, floodwalls may be
more economical that additional embankment. A flood wall requires
a footing which must be covered by soil to provide adequate
stability. A visible five foot floodwall could have an additional
two to three feet of wall beneath the ground with a ten foot wide
footing. This requires the top three feet of the levee to be
excavated to construct the wall. The placement of a floodwall may
not leave enough crest width to properly maintain or inspect the
levee which would require increasing the existing crest width
which would cause widening of the levee base. Also, floodwalls
would be more aesthetically objectionable than grass covered earth
embankments. Finally, the construction of floodwalls are much. more expensive that placing additional embankment. For all of
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these reasons it was determined that raising existing levees was
more economically viable than constructing floodwalls on top of
levees.

Cutoff Walls. Cutoff walls are used to reduce or eliminate
seepage through a levee. Seepage can create stability problems
and cause a levee to fail. However, seepage is not a problem with
the Yolo Bypass levees. The problem in the Yolo Bypass relates to
insufficient levee heights. Since this alternative does not
address the requirements for additional levee heights, cutoff
walls were not retained for further analysis.

Cross Levees. During preliminary evaluations cross levees were
analyzed to determine if this alternative could be used to protect
only the urbanized areas of West Sacramento. However, there are
no strategic locations in the vicinity of Southport in West
Sacramento to construct cross levees which would protect only
urbanized areas. Consequently cross levees were not considered a
viable means of achieving increased flood protection for West
Sacramento.

Removal of South Cross Levee. The removal of the south cross
levee was also analyzed. The cross levee serves two main
purposes: 1) if levee break occurs the north of the urbanized
area of West Sacramento the cross levee prevents flood waters from
flowing into the southern position of the study area (near
Freeport) and 2) if levee failure occurs south of the City of West
Sacramento (i.e. River Mile 50) the cross levee prevents water
from entering the urbanized West Sacramento area. In addition, if
a levee break occurs north of West Sacramento, and the cross levee
were to be removed, there is such an extensive volume of water
that flood inundation reduction would be minimal. Based on these
factors removal of the cross levee was not considered feasible and
therefore, not evaluated as a possible flood reduction
alternative.

Diversion Facilities

Diversion facilities such as pumps and overflow weirs move
floodwaters from one segment of a river or bypass system to
another. In the study area, water could be diverted from the
Sacramento River or Yolo Bypass directly into the Ship Channel,
thereby lowering the peak water-surface elevation in the
Sacramento River and/or Yolo Bypass in the area of the diversion.
Based on hydrologic information diverting flows of 20,000 to
40,000 cfs from the Yolo Bypass produces minimal impact on flood
stage reductions in the study area for major flood events. As a
result, diversion from the Yolo Bypass side was deleted from
further consideration.

Hydrologic modeling efforts did indicate that significant
reductions in flood stages for major flood events (similar to the
1986 flood event or larger) could be achieved in the Sacramento S
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River downstream of the American River by diverting excess. floodwater from the Sacramento River into the canal via the lock.
The costs and impacts to existing developments associated with
this diversion are significant. Major port facilities, such as
docks, loading cranes, warehouses, etc., would have to be
relocated and/or reconstructed because new levees would be
required on both sides of the Ship Channel adjacent to the Port.
During those periods when floodwaters were diverted into the Ship
Channel, ship traffic would be impacted. In fact, ship movement
would probably cease. In addition, changes in erosion and
deposition in the channel would probably increase dredging costs
significantly. Because of these costs and impacts, the
Sacramento-Yolo Port District, who owns and operates the Port of
Sacramento, did not support using the Ship Channel as a diversion
channel for floodwaters. Because of the increased costs,
potential problems and local opposition, the alternative was
deleted from further consideration.

Storage Facilities

Storage facilities such as detention basins and reservoirs
reduce the peak flow of a flood through storage and controlled
downstream releases. Because of the existing flood control system
and the topography of the Sacramento Valley, there are no upstream
reservoir sites that would be economically feasible at this time.. Deepen or Enlarge Channels

Channel deepening or enlargement through dredging, removing
flow constrictions, or setting back levees allows greater volumes
of floodwater to pass through the system. Dredging the Sacramento
River was considered, but was dropped from further consideration
because of the uncertainties involved in determining the impact of
dredging in the Sacramento River and in conducting future
maintenance dredging. In addition, because of the potential for
catastrophic flood damages and loss of life, a permanent solution
was considered necessary.

Flow constrictions (embankment material on 1-80 and the
Southern Pacific Railroad) could be removed and replaced with
permanent bridge structures. Preliminary studies indicated,
however, that such work was infeasible because of the high cost of
the high construction costs and the impacts of traffic disruptions
to the interstate highway system.

Setback Levees. The feasibility of setting back levees along
the west side of the Yolo Bypass in the vicinity of West
Sacramento was analyzed. It was determined that this alternative
does not effectively-provide additional flood protection to the
West Sacramento area. Setting back these levees would require
relocation of at least 5 miles of levees south of Willow Slough
Bypass. Also, hydraulic analysis indicates that the increased. flood storage provided by the setback levees does not effectively
increase the conveyance capacity of the Yolo Bypass. Hydraulic
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constrictions at the terminus of the Yolo Bypass near the Delta,
and at the SPRR and 1-80 embankments, limit the ability to
discharge additional floodwaters. Setback levees by themselves
only provide additional storage area for backwaters. Minimal
reductions in flood stages would occur from the setback levee
plan.

Consequently, in order for setback levees to have any effect
existing constrictions must also be removed. Removal of
constrictions at the SPRR and 1-80 embankments were examined
during reconnaissance investigations. (Removing these
constrictions would only reduce water levels 0.5 to 1.0 feet).
Costs of accomplishing this range from $140 to $245 million.
These costs do not include costs associated with setting back the
west Yolo Eýpass levee. The setback levee plan would require
removal of existing levees, construction of a new levee in excess
of 30 feet high, and purchase of additional flood easements on
many acres within the added flood bypass area. Consequently, the
costs of this alternative eliminated it from further evaluation.

Table 6, summarizes economic considerations for these
measures, based on October 1988 price levels when the analysis was
completed, and 8-5/8 percent interest rate, and a 50-year project
life. The information in Table 6 was developed for the Sacramento
Metropolitan Area Reconnaissance Report dated February 1989. The
ER 1105-2-100 guidelines state that the period of analysis is the
time required for implementation plus the lesser of (I) the period
of time over which any alternative plan would have significant
beneficial or adverse effects or (2) a period not to exceed 100
years. It was determined for the purposes of the Reconnaissance
study that 50 years was a sufficient period of time to meet the
criteria for project implementation and adverse impact analysis.
Further comparisons of the hydrologic, environmental, and
construction costs are in Appendix B, Comparison of Flood Control
Measures.

Nonstructural Measures

Nonstructural measures reduce flood damages rather than
control floodwaters and may include (1) physical actions such as
relocating, elevating, flood proofing, acquiring flood easements,
and constructing floodwalls or small levees or (2) regulations and
policies such as flood plain zoning, flood warning systems, and
preparedness and evacuation plans.

Several nonstructural measures were considered in the West
Sacramento area but were found to be impractical because of the
depth of flooding, which precluded such measures as constructing
water-tight closures or elevating structures in the flood plain.
Flood proofing structures would involve raising existing
structures so that habitable portions are above the expected flood
level. Flood proofing could also involve the construction of
walls around individual homes or pockets of homes to hold back the
floodwater. This latter alternative-is not considered a viable S
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alternative for the West Sacramento area because the "walls" wouldS in fact be the existing "levees" in most instances. For developed
portions of West Sacramento, there are no viable areas to
construct a "ring levee" system without extensive relocations. In
this case, upgrading of the existing levee system is much less
environmentally damaging and more cost effective.

Raising structures above the flood level is possible if the
lower portion of the structure is used only for parking or
storage. The lower portion is expected to flood and is designed
to equalize hydrostatic flood forces on exterior walls by allowing
entry and exit of floodwater. Flooding would result in damage to
contents in the lower portion such as automobiles and contents;
however, the habitable portion of the home and upper level
contents would be spared. Estimates of costs to raise a typical
slab-on-grade house 10 feet above grade, including all finish
work, have been done. For a 1,296 square foot house, the-
estimated cost is $39,552, or $31/square foot of slab. In West
Sacramento, there are about 6,250 single family residential
structures. Therefore, the cost to raise these residential
structures would be nearly $250 million. In addition to these
costs, an additional 5,500 structures would have to be flood
proofed in some manner. Consequently, the high costs eliminated
this alternative from further consideration. In addition, local
interests would likely not support this alternative.

Flood easements provide flood protection to future
development by requiring that development to occur in other less
flood prone areas. The largest majority of Sacramento
Metropolitan project benefits are for protection to existing
development which would not be protected through the purchase of
easements, therefore, this alternative was not considered
feasible.

The City of West Sacramento is presently participating in the
National Flood Insurance Program, regulated by the Federal
Emergency Management Agency. New Flood Insurance Rate Maps
prepared in March 1990 include nearly all of the City within the
100-year flood plain with a zone designation of A-99, which
indicates that a Federal flood protection project is under
construction. The City has until November 1992 to prove to the
Federal Emergency Management Agency that adequate progress has
been made in the project to provide 100-year flood protection.

The City's flood emergency response plans and flood fight
plans are described in the Yolo County Emergency plan, which
establishes procedures to be followed in the event of a natural
disaster. These emergency programs are adequate for the City, and
modifications are not needed.
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TABLE 6

ECONOMIC SUMMARY OF FLOOD CONTROL MEASURES I/

(1988 Price Level, 8-5/81 discount Rate, 1995-2045 Project Life, $1,000)

Flood control First Cost Annual Annual B/C

Alternatives 2/ Construction Environmental Cost 3/ Benefit Ratio

Modify Fremont Weir
and Yolo Bypass

Remove material 650 100 130 2,0004/ 15.4+

Widen 500 feet 9,000 1,000 925 minimal --

Widen 1,500 feet 13,400 1,000 1,305 2,000 4/ 1.5+

Lower weir 0.5 feet 1,470 100 200 2,000 4/ 10+

Lower weir 1.0 feet 2,035 100 250 2,000 4/ 8+

Modify Sacramento Weir

and Bypass
Remove existing gates 85 -- 10 minimal I/

Widen 500 feet 7,200 60 645 minimal --

Widen 1,500 feet 14,900 60 1,325 minimal --

Lower weir 0.5 feet 1,500 -- 130 minimal 5_

Lower weir 1.0 feet 1,750 -- 160 minimal 5./ -

Divert Floodwaters
into the Sacramento Preliminary evaluations indicate costs significantly
River Deep Water Ship greater than benefits

Channel

Modify Levees around

West Sacramento

100-year plan 3,800 100 350 6,500 18.5

200-year plan 6,700 150 610 9,000 15

Remove Flow Constric-

tions from Yolo Bypass

1-80 and the SPRR 141,000 200 12,500 signifi-

cantly less
than annual

cost

J All values estimated from reconnaissance level data and are preliminary in nature.

_/ Assumes levees are structurally stable under existing design conditions.

3/ Includes monitoring, maintenance and environmental costs.

4/ Estimate of annual benefits are in excess of $2 million and are primarily attributable to the Natomas area.

5/ Benefits attributable to an ungated overflow structure have not been evaluated in sufficient detail other

than for flood damage reduction benefits. Benefits attributable to reduced risk (elimination of the manual

operation), reduced maintenance and operation costs and reduced amounts of levee improvements associated with

other flood control alternatives have not been quantified.
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DEVELOPMENT OF ALTERNATIVE PLANS

The formulation and evaluation of alternative flood control
plans were based on the most likely conditions expected to exist
in the future with and without the project. The without-project
condition is the expected condition if no action (no Federal
participation in a flood control alternative) is taken. The with-
project condition is the expected condition with the proposed
project in place.

Period of Analysis

The period of analysis for this study was considered to be 100
years from 1998 to 2098 and did not include the time required for
project implementation. Although the actual base year, or the
time the project would actually be on line and operational, would
depend on Congressional authorization and funding, for the purpose
of economic analysis, the study assumed the base year to be 1998.

Without-Project Condition

The without-project condition is developed to serve as a
baseline for estimating and evaluating the beneficial and adverse
effects of a potential flood control project. Estimates of future
conditions were based, in part, on assumptions concerning
construction of the proposed American.River flood control project. and development in West Sacramento. Without-project conditions
assume that:

Portions of the levee embankments of the Sacramento River
Flood Control Project are structurally stable at the existing
design water surface elevation. Work being completed in phase
I and II under the Corps' five-phase Sacramento River Flood
Control System Evaluation is considered to be part of without-
project conditions. In phase I construction is now underway
and scheduled for completion in November 1992 bringing the
levees up to recommended design standards. Phase II work
includes stabilizing levees in the Marysville-Yuba City area.
Since phase II work will ultimately provide increased
protection to an urbanized area, with potentially significant
flood damages, there is a very high likelihood that this work
will be completed. Studies for phases III, IV, and V are
currently underway and the Corps is in the process of preparing
the required environmental documentation. Therefore, because
of the uncertainty associated with phases III through V they
are not assumed to be in place. Initial phase III studies
recommend remedial repairs along the east levee of the Yolo
Bypass, including raising existing levees in low areas.
Preliminary results of the phase IV studies recommend levee
raising along the Willow Slough Bypass in the lower Sacramento
area.
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* Although land within the Sacramento and Yolo Bypasses is
privately owned, the State maintains flowage easements
(occasional flooding) over much of the land as part of the
Sacramento River Flood Control Project. On the west side of
the Yolo Bypass, where flows are unrestricted by levees,
flowage easements generally follow the design water surface
elevation, which corresponds to about a 20-year flood. The
non-Federal sponsor will acquire flowage easements for about
1,700 acres of agricultural land within the Bypass and below
the design water surface elevation for which no flowage
easements were acquired. The cost of these easements is
estimated at about $1.5 million. The acquisition of flowage
easements in this area by the non-Federal sponsor is considered
a without-project condition.

' The seasonal flood control space at Folsom Dam and Reservoir
would continue to be 400,000 acre-feet. Currently, Folsom Dam
and Reservoir regulated design outflows are 115,000 cfs or
less, which is the safe channel carrying capacity of the
American River downstream of Folsom Dam.

* The authorized USBR Auburn Dam and Reservoir will not be
constructed.

The Selected Plan for the American River Watershed
Investigation is in place. The plan consists of a 200-year,
peak-flow, flood-control-only facility located near the town of
Auburn on the North Fork of the American River, various levee 0
and channel modifications around the Natomas area, and a
detention basin in northeast Natomas near Pleasant Grove Canal.
Although this plan would control flows on the American and
Sacramento Rivers for all floods up to 200 years, it does not
include features to prevent flooding from the Yolo Bypass.

• All flood control improvements approved and under
construction by local agencies as of September 1991 will be in
place. These improvements do not include emergency flood
fighting efforts during major floods because of the uncertainty
of the effectiveness of these efforts.

0 Flood stages associated with a 100-year flood can occur in
the study area without breach of levees or loss of control at
major upstream dams and reservoirs on the Sacramento and
Feather River systems. Greater than 200-year level of flooding
is strongly influenced by levee breaching upstream of the study
area. At the 400-year frequency, the stage-frequency curve in
the study area essentially becomes flat because of the large
storage volume behind upstream levee breaches. This curve
would remain flat until an extremely rare event in which flood
volumes exceeded storage behind the levees.

* Residential, commercial or industrial development upstream
of the study area during the 100-year period of analysis will
not be significant. Any development that may occur in the
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Marysville and Yuba City areas will not significantly impact
flood stages in the Sacramento metropolitan area since about
8,000 cfs of additional flow is required to change the flood
stage for a major flood by 0.1 foot in the Yolo Bypass.
Significant development would be needed to produce 8,000 cfs of
additional flow into the Sacramento River Flood Control Project
system. In addition, because of differences in timing, surface
water runoff from areas in the study area will generally peak
prior to flows coming from the upper Sacramento and Feather
River systems. Specifically the increased duration of flow
releases in excess of 115,000 with the implementation of the
ARWI project will not significantly affect coincidental peaks.
Development in West Sacramento will be minimal because
most areas that can be developed will be mapped within
the Federal Emergency Management Agency's 100-year flood
plain.

With-Project Condition

The with-project condition involves implementation of one or
more flood control alternatives, which would increase the level of
flood protection for the Sacramento metropolitan area. Each
alternative plan was compared to the without-project condition
over the period of analysis.

The with-project condition assumes implementation of the. 200-year Selected Plan for the American River Watershed
Investigation. Although work done in the Sacramento Metropolitan
study area would not significantly impact upstream conditions
along the Sacramento or American Rivers, the proposed work in the
American River study area would impact the amount of work needed
in the Sacramento metropolitan area to provide the desired levels
of flood protection. Also, the two selected plans are expected to
be combined into a single, comprehensive plan during the design
and construction phase. Therefore, it is important that both
studies use compatible without- and with-project assumptions.

In addition, the south Sacramento area is hydraulically
linked to the study areas of both investigations. It was
determined that controlling flows on the American River prevented
flooding of South Sacramento from both the American and Sacramento
Rivers because of decreased flows at the confluence of the two
rivers. Consequently, measures that protected south Sacramento
were not analyzed further in the Sacramento Metropolitan Area
Study.

Technical Studies

The results of technical studies carried out during the
investigation were used to develop and evaluate alternatives and
identify the selected plan. Detailed descriptions are included as
the appendices to this report (see Appendices A, C, D, and E).
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Hydrology and Hydraulics. The hydrologic and hydraulic
analysis (1) determined the current level of flood protection
provided by the Sacramento River Flood Control System to the study
area and (2) analyzed the impacts of various flood control
alternatives on the system (see Appendix C, Hydrology). Although
the studies specifically addressed the Yolo and Sacramento
Bypasses and the Sacramento River below the Sacramento Weir, the
contribution of over 23,000 square miles of drainage in the basin
above West Sacramento was also determined (see Appendix C,
Hydrology, Chapter II, page 4, for description of drainage area).

Because of flow and stage complexities, two computer programs
were used to model the study area. The HEC-l Flood Hydrograph
Package was used to compute all rainfall-runoff and to route flows
in areas where backwater was not a factor. In areas with major
backwater influence, negative head differences, and stage-caused
weir flow, the Dynamic Wave Operational Model (DWOPER) computer
program was used to route flows and determine the relationship
between stage and flow. Both models were calibrated using the
1983 and 1986 floods. These floods were used because the upstream
basins reflected present conditions with all flood control
features in operation. Furthermore, the 1986 flood was used
because (1) it was the largest flood of record at many locations,
(2) numerous field observations existed, and (3) a large network
of stream gaging stations was in place to measure the flows and
elevations during the flood.

To develop the flow hydrographs required by DWOPER, S
flow-frequency curves for the American River at Fair Oaks and
volume-frequency curves at the Sacramento and Feather River
confluence were developed. Separate curves for the American River
included unregulated conditions and existing (regulated)
conditions. The volume-frequency curves for the Sacramento and
Feather River confluence reflect today's conditions with all
present flood control features in operation and no levee failures
until design flows have been exceeded. These volume-frequency
curves were used to develop the 100-, 200-, and 400-year flood
hydrographs and stages at various sites in the Sacramento River
Flood Control Project system.

The DWOPER model used the 100-, 200-, and 400-year hydrographs
to determine maximum water-surface elevations for these
frequencies in the Sacramento River and Yolo Bypass. These
maximum water surface elevations were for selected locations from
the Sacramento and Feather River confluence downstream to Lisbon
on the Yolo Bypass and to Courtland on the Sacramento River. To
determine the current levels of flood protection in the study area
and the benefits of flood control alternatives, stage-frequency
curves and water surface profiles were developed, based on a
variety of levee failure assumptions and physical conditions in
the study area. Because of the-constraints of DWOPER, the study
area was divided into three separate models: the Sacramento River,
American River, and Yolo Bypass. 5
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The Fremont Weir, an ungated structure just upstream of theS study area, controls the spill of upstream Sacramento River and
Sutter Bypass flows into the Yolo Bypass. In most model runs,
existing operation of the Fremont Weir was assumed. After the
1986 flood, the State of California embarked on a project to clear
sediment from behind the weir that had impeded its function. As
of January 1991, two-thirds of that sediment had been removed, and
this condition was used in many of the model runs. The State is
in the process of removing the final third. Model runs were made
to determine the effect, if any, on the design profiles. Results
indicated that although removal of this sediment significantly
affected lowering flood elevations in the Sacramento River near
Verona, it did not significantly impact flows in the Yolo Bypass
near West Sacramento.

During the study, results of examining the effects of removing
the gates or removing the gates and lowering the weir indicated
that removing the gates during peak flood stages did not
significantly affect the Yolo Bypass flows or the actual duration
of flows in the Sacramento and Yolo Bypasses. However, the
combination of removing the gates and lowering the weir did have
some beneficial effect on lowering flood stages along the
Sacramento River, but increased flood stages in the Yolo Bypass
since floodwaters would enter the bypass slightly earlier.
Overflows from the-Fremont Weir would already have reached and
entered the Yolo Bypass, so the overall effect would beO insignificant. Also, the lower weir could increase the duration
of flows in the Sacramento and Yolo Bypasses. The State has
expressed interest in removing the gates at the Sacramento Weir.
Operation of these gates is expensive and labor intensive.

Flood Plains. To adequately model the existing flood threat
to West Sacramento, estimate potential flood plains, and calculate
flood reduction benefits of project alternatives, stage-frequency
curves and water-surface profiles were developed, based on
developed levee failure elevations and physical conditions both
within and upstream of the study area.

The volume-frequency curves for the Sacramento and Feather
River confluence upstream of the study area assumed no levee
failure until design flows had been exceeded. Emergency flood
fighting efforts were assumed to be ineffective because of the
uncertainty of implementing such efforts during major floods.
Levee failure elevations were developed for levees within the
study area along the Yolo Bypass, and the Sacramento and American
Rivers (see Appendix D, Engineering Basis of Design, Levee Failure
Criteria). This breach elevation scenario was based on
engineering studies, recommendations by different engineering
disciplines, and historical flood elevations. Following the
minimum freeboard allowances developed for breaching scenarios,
levees on the American River system, Sacramento River and Yolo
Bypass were failed sequentially as the criteria were exceeded (see. Appendix C, Hydrology).
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The critical reach of levee for West Sacramento is the Yolo
Bypass east levee from Sacramento Bypass to the Ship Channel.
Because of the distress exhibited by the Yolo Bypass levees during
the 1986 flood and the difference (about 2.5 feet) between peak
elevations and the top of levee in critical areas, the 1986 high
water was adopted as the final breach elevation. Because of
insufficient freeboard, levee failures are most likely to occur
near the Southern Pacific Railroad track or south of 1-80 near the
Ship Channel. Upstream of West Sacramento, levee failures are
likely to occur in the Elkhorn area from both the Sacramento River
and the Yolo Bypass.

Flood plains were evaluated for floods of various
frequencies, using overland routing of flow hydrographs and
recognizing the effect of physical features and storage volumes.
Based on flow hydrographs and rating curves for the Yolo Bypass, a
levee failure would allow floodwaters to flow initially into the
north area of West Sacramento and then into the Ship Channel,
which, although large, could not carry the floodwaters. Water
would then pond behind the cross levee near the south city limits
(see Plate 1) and flood the entire south City area. Within 30
hours of levee failure on the Yolo Bypass, floodwaters from a
100-, 200-, or 400-year flood would overtop and fail the cross
levee, contributing to widespread flooding in Reclamation
Districts 307, 765, and 999.

Maximum flood elevation in the West Sacramento flood plain is
dependent solely on the maximum ponding behind the cross levee S
near the southern border of West Sacramento. Consequently, the
100-, 200-, and 400-year flood plains were all found to have a
maximum flood elevation of about 25 feet, the elevation of the
cross levee. The average depths of flooding in the 100-, 200-,
and 400-year flood plains are also essentially the same (15 to 16
feet) because of the following: 1) the flood volume for each event
is sufficient to fill the west Sacramento area and 2) the volume
would reach a stage that is controlled by the height of the cross
levee, which is about 25 feet. (See Plate 10).

Basis of Design. The Basis of Design was used to develop
initial designs and cost estimates for various levee raising
options (see Appendix D). Design aspects included alignment,
levee design, freeboard, flood gates, potential hydraulic
mitigation, quantities, real estate, and operation and maintenance
requirements. The impacts of sedimentation and interior drainage
were also considered in the preliminary designs.

Levee topography was determined from recent surveys of levee
profiles and levee cross sections. The Department of Water
Resources provided profile survey data developed in 1989 for Putah
Creek, Willow Slough Bypass, Sacramento River east bank, and Yolo
Bypass east levee. The Corps developed cross section survey data
for the Yolo Bypass west levee in 1989.
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The proposed levee work would consist of raising the existing
levees without altering the existing alignment or design of any
levee section. These sections have performed adequately, and a
stability, analysis determined that the levees would be stable even
after being raised (see Appendix E). When determining whether new
levee fill would be on the landside or waterside, consideration
was given to the quantity of fill being placed and to
environmental impacts, utilities, relocations, and development.

Since design water-surface profiles were developed using
hydrologic and hydraulic model studies calibrated for the 1986
flood of record, the design profiles were considered to be very
reliable for the design flows. As a result, no additional
freeboard above the minimum was considered to be necessary to
account for uncertainties in design profile calculations.

Levees are designed so that the freeboard conveys the design
flows with a high degree of safety through the area of protection
and so that levee failure would occur in an area or in a manner
causing the least amount of damage or loss of life. The freeboard
adopted for various levee reaches was 3 feet for the Sacramento
River west levee; 6 feet for the Sacramento Bypass south levee; 6
feet for the Yolo Bypass east levee from the Sacramento Bypass to
the Ship Channel; and 4 feet for the Yolo Bypass east levee from
the Ship Channel downstream.

The additional 3 feet over normal freeboard for the bypasses
was provided for wave runup. Because of the width of the Yolo
Bypass, substantial waves can be generated by winds during floods.
The additional freeboard would prevent these waves from
overtopping the levees and causing a wave erosion failure. The 6
feet was reduced to 4 feet at the Ship Channel because of the
levee cross sections in this reach. The levee that divides the
Yolo Bypass and the Ship Channel has a 5 to 1 waterside slope
which reduces the wave runup. Also, the levees are wider and have
high berms behind them because of dredged disposal material from
the Ship Channel. These more substantial levees are not as
susceptible to wavewash erosion as other levees along the Yolo
Bypass. For these reasons, a reduction to 4 feet of freeboard was
considered appropriate for these levee reaches.

Two major transportation routes cross the project levees in
the proposed construction area: a Southern Pacific Railroad line
and 1-80. The installation of a flood gate structure and
monitoring system would be necessary at the railroad crossing.
The existing 4 feet of freeboard is adequate at the 1-80 crossing
except for occasional overtopping because of waves; however, this
overtopping would not damage the highway structure. Where the
modified levee abuts 1-80, riprap or concrete would serve to
prevent erosion.

Hydraulic impacts associated with the levee-raising. alternatives were analyzed in terms of changes in existing depth,
duration, and frequency of flooding for adjacent and downstream
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areas. If impacts are determined to be significant, hydraulic
mitigation features, such as raising low areas of impacted levees,
would be included in alternative plans. 5

Detailed quantities and costs developed for three basic
designs, which encompassed all the alternatives, were used as the
basis for developing all other designs.

An analysis of sedimentation and deposition in the Yolo Bypass
indicated that under existing conditions (no improvements at the
Cache Creek settling basin), Sacramento River overflow and Cache
Creek flows deposit about 466,000 cubic yards of sediment
annually. However, the 6 feet of freeboard used for the Yolo
Bypass design is considered adequate to accommodate any changes in
design flood stages caused by future sedimentation (see Appendix D
for a detailed discussion of historic sedimentation).

The City of West Sacramento has an interior drainage system
for the existing levees, as well as a plan to handle future
interior drainage. Raising the levees would not alter the
operation of the existing system or the plan for future flows.

Economic Analysis. An economic analysis was performed to
calculate benefits attributable to a proposed project and compute
future annual flood damages for with- and without-project
conditions (see Appendix A, Economics). The analysis was based on
a 100-year project life (1998-2098), October 1991 price levels,
and an 8-3/4 percent interest rate. Excluding lands, roads,
utilities, and bridges, total damageable property in the flood
plain was valued at about $1.2 billion (October 1991 price
levels). Average annual equivalent damages, under without project
conditions, were estimated at about $10 million (October 1991
price levels). Probable average annual equivalent damages were
estimated for the present year and the year in which growth would
no longer continue to occur (1992). The latter damage figure
(1992) has been held constant to the year 2098.

Property in the flood plain, which includes residential,
commercial, industrial, public, and farm buildings, was
inventoried through field surveys, aerial photography, or other
data, and its value established. Depreciation was included in the
valuing method. The main type of flood damage considered was
physical damage caused by inundation, including impacts to, or
loss of, buildings, lots, yards, roads, bridges and utilities.
Agricultural damages were impacts to farm buildings and crops.
Additional damages included emergency costs for evacuation, flood
fighting, and disaster relief. Damages that could not be assigned
a monetary value, such as loss of life, were not included in the
damage analysis.

Damages were determined using the value of property, depth of
flooding, and depth versus percent damage relationship. The
relationships used in this analysis were based on the 1988 Federal
Emergency Management Agency curves and curves from a Tennessee 5
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Valley Authority study prepared for the Department of Housing and
Urban Development in December 1969.

Potential benefits were identified and calculated after
development of alternative plans. These benefits include
inundation reduction benefits, location benefits, employment
benefits, intensification benefits, flood insurance program
benefits and savings in flood proofing costs.

PRELIMINARY ALTERNATIVES

Preliminary alternatives included modification of Sacramento
Weir and Bypass and modification of levees around West Sacramento.
Within the weir and bypass alternative, several options were
developed to satisfy the planning objectives.

Modify Sacramento Weir and Bypass

To divert additional floodwaters into the Yolo Bypass, two
options to modify the Sacramento Weir and/or its operation were
considered. The Sacramento Weir consists of 48 manually operated
bays or gates that are opened individually to adjust the flow
passing over the weir. Each bay consist of 36, 3-by-12-inch
wooden planks about 6 feet long. The effective overflow weir
crest elevation is 21.5 feet. During any construction on the
weir, traffic from Highway 16 and the Union Pacific Railroad wouldO be rerouted or diverted.

Option 1. Remove the existing gate structures and form a
smooth concrete surface along the weir with a crest elevation of
20.4 feet. The length of weir to be modified is approximately
1,824 feet.

Option 2. Lower the weir crest by either 0.5 to 1.0 foot
while retaining the same gate configuration by extending the
boards to their original length.

Detailed hydrologic analysis indicated that the flood hazard
for West Sacramento is associated more with higher flows in the
Yolo Bypass than with higher flows in the Sacramento River.
Therefore, removing the gates or lowering the crest of the
Sacramento Weir to decrease downstream flows in the Sacramento
River would actually increase the flood threat in the
study area by increasing flows in the Yolo Bypass. This option
was therefore eliminated.

Removal of the gates (Option 1) would not impact peak flood
stages in either the Sacramento River or the Yolo Bypass, but
would realize a significant savings in the State's annual
operation and maintenance costs without significantly altering the
hydraulic functioning of the flood control plan. This option was
eliminated from further consideration and placed under operation. and maintenance authorities.
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Modify Levees Around West Sacramento.

This alternative would raise portions of the levees around the a
City of West Sacramento to increase the level of flood protection
to 100, 200, or 400 years. Approximately 30,600 linear feet of
levee would need to be raised for each level of protection.
Design levee crown elevations were based on 100-, 200-, and
400-year water-surface profiles and design freeboard criteria.
This levee raising could potentially impact adjacent and
downstream areas by reducing hydraulic conveyance and flood
storage. These impacts could result in slight increases in water
surface elevations, duration of flooding, and/or frequency of
flooding.

The five leveed areas of potential impact included (1) the
Elkhorn Slough area, which extends from the Fremont Weir in the
north to the Sacramento Bypass in the south, (2) North Willow
Slough, located south of Willow Slough and north of South Fork
Putah Creek, (3) South Willow Slough Bypass, specifically the area
west of the Yolo Bypass levee and north of the Southern Pacific
Railroad tracks, (4) Reclamation District 2068, located in south
Yolo Bypass, and (5) the Lisbon area, which extends just south of
Putah Creek to an area about 4 miles south of Freeport. The
locations of these potentially impacted levees are shown in
Figure 6.

Raising the levees around West Sacramento to provide project a
design levels of flood protection would reduce the probability of
levee failure and overtopping in this area. This reduction
impacts adjacent flood features from the possible loss of flood
storage in West Sacramento. Floodway capacity and levee freeboard
for areas, primarily along the west side of the Yolo Bypass, could
be affected. From the area just north of Willow Slough Bypass
south to Putah Creek, the maximum increases to the existing flood
stages were computed at 0.5, 0.9, and 0.9 foot for the 100-, 200-,
and 400-year floods, respectively.

Further downstream in the area south of Putah Creek
hydraulic studies indicated impacts of 0.2, 0.5, and 0.5 foot
for the 100, 200 and 400 year floods respectively. Flowage
easements define the existing project boundaries from just
south of Putah Creek for approximately 8 miles until project
levees begin again at the intersection of King Road and Road
104 in Reclamation District 2068. In Reclamation District 2068
hydraulic studies indicated impacts to the existing water
surface elevations of 0.1, 1.0 and 1.1 feet for the 100, 200,
and 400 year floods respectively under with-project conditions.

An analysis was performed to determine the significance of
the hydraulic impacts of the 100-, 200-, and 400-year floods by
comparing the depth, duration, and frequency of flooding in the
five impacted areas under with- and without-project conditions.
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For this analysis, levee failure was assumed to occur when the.
water surface encroached halfway into the design freeboard, or
the 1986 profile, whichever was higher.

The DWOPER computer program was used to route flows and
determine maximum water-surface elevation for these frequencies
at the five areas of impact. The difference in the depth,
duration, and frequency of flooding for each area under the
400-year flood is described below:

The Elkhorn Slough area. This area is susceptible to
flooding from the Yolo Bypass on the west and the Sacramento
River on the east. The existing design level of flood
protection for the Elkhorn Slough area is about 20 years with 6
feet of freeboard. During a 400-year flood failure would
occur, and flood the area to about 14 feet. In the Elkhorn
Slough area the difference in water-surface elevation between
with- and without-project conditions during the 400-year flood
is 0.8 foot. With the levee raising alternative the design
level of protection for the Elkhorn Slough area would decrease
from 20 to 15 years.

North Willow Slough Bypass. The difference in average
depth of flooding between with- and with-project conditions
under a 400-year flood is about 0.6 foot for the North Willow
Slough. The existing design level of protection with 6 feet of
freeboard is 30 years, which would decrease slightly to 25
years with the levee raising alternatives. Under with-project
conditions, the duration of flooding would increase about 0.5
day. Existing flooding of the area may result from levee
failure of either the Willow Slough Bypass or Yolo Bypass
levees and/or backwater effects along Willow Slough Bypass from
the Yolo Bypass. The estimated duration of flooding in the
North Willow Slough area during a 400-year flood would increase
from about 4 days to 5 days.

South Willow Slough Bypass. The Willow Slough Bypass area
would flood from either a failure of the Willow Slough Bypass
and Yolo Bypass levees and/or backwater effects from the Yolo
Bypass. The existing design level of flood protection with 6
feet of freeboard is about a 30-year level. The results of the
hydraulic impact analysis indicate that a slight increase in
depth and duration of flooding would occur with the levee
raising alternatives. The estimated average depth of flooding
would increase about 0.9 foot during a 400-year flood. With
levee raising alternatives, the design level of protection
would change from the existing 30-year to 25-year and the flood
duration would increase by 0.5 day.

Reclamation District 2068. The District now experiences
flooding from Cache Slough located to the south. The
difference in depth of flooding between the with- and without-
project condition for the 400-year flood is 1.1 feet. The
design level of protection for the area is 35 years, which does

58



not change under the with- or without-project conditions since. this area is flooded primarily by Cache Slough drainage.- The
duration of flooding may increase up to a day during a 400-year
flood.

Lisbon Area. The Lisbon area, which is adjacent to the
Yolo Bypass, will flood with or without the proposed project.
Hydraulic studies indicate that existing levees provide 35-year
flood protection and that levee failure could occur at or above
that flood. Increase in the depth of flooding because of
construction of levee alternatives is about 0.4 foot.
Implementation of the levee raising alternatives would not
impact the existing design protection; however, duration of
flooding may increase up to a day during a 400-year flood.

Economic Evaluation of Hydraulic Impacts. An economic
evaluation, using average annual benefits and costs, was
completed to determine the economic feasibility of hydraulic
mitigation. To mitigate for hydraulic impacts, low areas of the
impacted levees would be raised by the impacted amounts for the
three levee alternatives. The north levee of the Sacramento
Bypass would be raised to the same design levels used for the
south side. For the flowage easement area located just south
of Putah Creek to the north end of the RD 2068 levee,
additional easements would be acquired for each levee
alternative amounting to about 3,370, 3,530, and 3,690 acres. for the 100, 200, and 400 year plan. In addition to avoid
relocating the Military Transmitter Station located just south
of Putah Creek, a small ring levee was proposed to accommodate
all design levels. Additionally, as a final hydraulic
mitigation feature, approximately 5,000 feet of Road 104 would
be raised about 1.1 feet for all design levels, just north of
where the west levee of the Yolo Bypass resumes in Reclamation
District 2068. Figure 6 on page 54 depicts the project
features, including hydraulic mitigation, for the 100-, 200-,
and 400-year plans.

A comparison of the added damages due to the increases in
flood stages from the levee raising alternatives and the
estimated costs of the mitigation features indicated that they
were not economically justified. Benefit-to-cost ratios ranging
from .04 to .20. These low ratios resulted from existing land
use (primarily agriculture with few structures present) and
small increases in flood stages.

In addition, a determination was made as to whether any
hydraulic impacts associated with the levee raising plan would
result in a "taking" within the meaning of the 5th Amendment of
the United States Constitution, thus necessitating payment of
just compensation and acquisition of the affected property.
Generally, a "taking" occurs when there is either a physical
appropriation of private property or a substantial interference. with the property which destroys or lessens its value.
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Results of the hydraulic impact analysis indicated that
implementation of the levee raising alternatives would impact
adjacent and downstream areas. The water-surface elevation and S
frequency of failure for each of these areas would increase
slightly if the levee raising alternatives were constructed. In
each of the impacted areas, flood waters would remain on the
property approximately 0.5 to 1.0 day longer under with-project
conditions. The predominant land use as stated earlier in each
of the impacted areas is agriculture.

With respect to hydraulic impacts on depth, duration, and
frequency of flooding to the downstream levees, there is no
certainty that failure will in fact occur or where it may
happen. This is supported by the fact that an 70-year flood
occurred in 1986, and the levees in question did not fail. In
addition, flooding in the impacted areas could occur from
sources other than the Sacramento River or Yolo Bypass,
specifically from the west side tributaries. Considering that
the property in the subject areas is zoned for agricultural
use, there is no indication that either the value or use of the
property is significantly affected by the projects induced
flooding. Based on the impact analysis, it was determined that
hydraulic mitigation measures were not needed as part of the
design features of the levee raising alternatives. (See
Appendix D for details).

DESCRIPTION OF FINAL ALTERNATIVE PLANS

No Action

Under no action, the Federal Government would not
participate in flood control alternatives, and the existing
level of protection for West Sacramento would remain at about
70 years. The flood stage level for the 70-year flood would
encroach into the levee freeboard in West Sacramento by about 3
feet.

100-Year Plan

This alternative consists of raising portions of the levees
around the City of West Sacramento to increase the level of
flood protection to 100 years. Design levee crown elevations
were based on the 100-year water surface profile and design
freeboard criteria. The levees would be raised a maximum
height of 4.2 feet along 5,800 linear feet of the south levee
of the Sacramento Bypass and 4.7 feet along 24,800 linear feet
of the Yolo Bypass east levee. Levee raising would be
landward for the south side of the Sacramento Bypass and the
Yolo Bypass south of the Southern Pacific Railroad to the Ship
Channel and waterward on the Yolo Bypass between the Sacramento
Bypass and railroad.

60



200-Year Plan

This alternative consists of raising portions of the levees
around the City of West Sacramento to increase the level of
flood protection to 200 years. Design levee crown elevations
were based on the 200-year water surface profile and design
freeboard criteria. The levees would be raised a maximum
height of 4.8 feet along 5,800 linear feet of the south levee
of the Sacramento Bypass and 5.3 feet along 24,800 linear feet
of the Yolo Bypass east levee. Levee raising would be landward
for the south side of the Sacramento Bypass and the Yolo Bypass
south of the Southern Pacific Railroad to the Ship Channel and
waterward of the Yolo Bypass between the Sacramento Bypass and
railroad.

400-Year Plan

This alternative consists of raising portions of the levees
around the City of West Sacramento to increase the level of
flood protection to 400 years. Design levee crown elevations
were based on the 400-year water surface profile and design
freeboard criteria. The levees would be raised a maximum
height of 5.0 feet along 5,800 linear feet of the south levee
of the Sacramento Bypass and 5.5 feet along 24,800 linear feet
of the Yolo Bypass east levee for the 400-year level of
protection. Levee raising would be landward for the south side. of the Sacramento Bypass and the Yolo Bypass south of the
Southern Pacific Railroad to the Ship Channel. Levee raising
would be waterward on the Yolo Bypass between the Sacramento
Bypass and Southern Pacific Railroad.

Environmental Mitigation Features of the Alternative Plans

Mitigation for unavoidable impacts resulting from the
implementation of the 100, 200 or 400-year plans was developed,
including strategies to avoid impacts. The mitigation
requirement includes the creation of a combination of wetlands
and uplands habitat types. Several sites were considered for
environmental mitigation. All proposed mitigation is located
within the project area; potential sites are shown on Plates
12, 12A, and 12B. The sites were evaluated using the Habitat
Evaluation Process, and the most cost effective sites
ultimately evaluated. The alternative mitigation sites are
described below:

Site A. This approximately 5 acre site, located on the
landside of the Sacramento River west levee in the southern
portion o West Sacramento, extends just north and south of an
area known as "The Bee Lakes" in West Sacramento. The Lakes are
two small ponds surrounded by willow scrub and riparian forest.
The site includes two parcels: (1) a 2.75-acre parcels of
grassland, about 1,211 feet long and 100 feet wide, adjacent to. the land side of the river and the riparian vegetation to the
north and (2) a 2-acre, triangular-shaped, farmed parcel,
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adjacent to the river levee and to the south of the Lakes.
Reclamation District 900 has an easement to the 2.75-acre
parcel, and the 2-acre parcel is privately held. Both parcels
have access to water.

Site B. Site B, with 40 acres available for habitat
development, lies on both sides of the cross levee forming the
southern limit of the City of West Sacramento. The 15-acre
portion on the south side has a deep pit that served as a
disposal area for rice hulls and has since been quarried for
organic material. Although the site is degraded, potential for
restoration is high. The site would be suitable for marsh and
open water establishment and riparian forest on the upper
slopes. The remainder of the site, north of the cross levee,
is a fallow agricultural field.

Site C. This 70-acre berm area, located west of the Ship
Channel, is a proposed borrow site for the project. The Port
has a permanent dredge disposal easement to this property, and
it aha been used as a disposal site for dredged material from
the Ship Channel. Although the site is on a shelf of land, it
should be suitable for wetland development once borrow is
removed and the site is recontoured. A temporary easement to
use the site for borrow would be acquired during implementation
of the project.

Site D. This 70-acre site is located within the Yolo
Bypass downstream from the Sacramento Bypass. This portion of S
the Yolo Bypass is to the east of where most bypass floodflows
pass and is protected by an extension of the Sacramento Bypass
south levee. The land is now used for row crops. Wetlands and
uplands would be developed west of a strip of riparian forest
that parallels the water side of the levees that are to be
improved. Water would be available either from ground water
pumping or local drains. All 70 acres would be purchased to
avoid severance damages that would occur with a smaller
acquisition.

Although this land may be included in future development
plans, such development is not imminent and does not justify
deleting the site from consideration.

Site E. This 46-acre site, located 5 miles northwest of
the Sacramento Bypass immediately west of the Sacramento River
is surplus acreage from biological mitigation for the
Sacramento Urban Area Levee Restoration Project. the site is
actually two separate parcels with the Sacramento Urban
mitigation site located between them. Because of its proximity
to two mitigation sites now being developed, the site has
excellent potential for habitat development. The Corps is
currently developing land adjacent to the site into wetlands
and uplands habitat. A second habitat area, which adjoins the
Corps mitigation site, is being constructed as mitigation for
the Lighthouse Marina, a private development. The site,
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however, borders an intensively farmed area, which is a
somewhat incompatible use because of pesticide spraying. (Site
E is shown on Plate 12A).

Site F. This site is within a Yolo County park known as
the Davis Communications Annex. It is located immediately
north of the Yolo Communications Site Park about 3.5 miles
south of Interstate 80 and is bordered on the west by County
Road 104.

The park consists of 320 acres of which only 40 acres in
the north half have currently been developed for recreation.
However, according to the Davis Regional Park Master Plan, most
of the north half of the park will eventually be developed,
leaving the south half as open, undeveloped park land. The
mitigation site has been proposed for the southeast corner of
the park.

The entire park is a disturbed site which was previously
agricultural land. It is dominated by thistle with existing
trees and shrubs confined to the currently developed area.
Therefore, the existing wildlife habitat is of low quality and
there is low potential to support high quality wetlands and
uplands habitat. Consequently, more than 52.5 acres would be
needed at this site for mitigation.

In addition, the Davis Regional Park Master Plan indicates
that there are several uses proposed for the park which would
conflict with the mitigation site such as dog training and
large group events. In particular, plans to develop the
southeast corner of the park as a nature area with a trail
directly conflicts with the proposal to develop a mitigation
site. This property was deeded to Yolo County by the
Department of the Bureau of Outdoor Recreation, to be used for
public park and recreation purposes. Therefore, it is not
clear whether the Secretary of the Interior would approve use
of a portion of the park as a mitigation site. There is also
concern that the mitigation site would eventually become
isolated habitat surrounded by urban development. (Site F is
shown on Plate 12B)

During Preconstruction Engineering and Design (PED), the
Corps will determine if Site F is a cost-effective mitigation
site.

EVALUATION OF FINAL ALTERNATIVE PLANS

No Action

The no action alternative assumes a 400-year flood control
dam on the American River and repair of structural deficiencies. in existing levees. Under this alternative, the City of West
Sacramento would continue to experience the threat of flooding,
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flood damages, and loss of life. However, the south Sacramento
area, including Greenhaven, would have 400-year level of flood
protection because the American River improvements would be
implemented. The estimated flood damages in West Sacramento
from the 100-, 200-, and 400-year floods would be about $693
million (October 1991 price levels). The primary source of
flooding to the area is from the Yolo Bypass therefore, each
flood event would essentially inundate the same area, resulting
in essentially the same estimated flood damages. Average
annual equivalent damages are estimated at $10 million.

100-, 200-, and 400-Year Alternatives

The major construction feature in these alternatives is
increasing the heights of existing levees in the study area
from a maximum of 4.5 feet for the 100-year plan to 5 feet for
the 400-year plan. Raising levees around West Sacramento to
provide project design levels of flood protection would reduce
the probability of levee failure and overtopping in this area.

Construction Costs. Total estimated first costs for the
various alternatives include all of the lands, easements,
rights-of-way and relocations necessary for levee raising, as
well as levee construction, environmental mitigation,
engineering and design, and supervision and administration (see
Table 7). First costs for the 100-, 200-, and 400-year
alternatives of $15.9, $18.1, and $18.4 million, respectively.

Environmental Costs. Design of the three levee raising
alternative plans attempted to minimize impacts to the
environment by avoiding priority habitats such as wetlands and
riparian forest. Impacts to valuable habitat were avoided by
raising either the landward side or the watetward side of the
levee for each reach, thereby minimizing disturbance to one
side.

Unavoidable direct impacts for the three alternative plans
would affect aquatic and riparian resources in the project area
(see EIS\EIR). Construction activities impact
grassland/agricultural, riparian forest, shrub/scrub, emergent
marsh, and open water habitat types. Impacts to these habitat
types would result from the clearing of vegetation on and
adjacent to the levee to raise the levee height.
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TABLE 7
ECONOMIC SUMMARY OF FINAL ALTERNATIVES PLAN

(Costs and Benefits in $1,.000)

Alternative First Annual Costs Annual B/C Net
•osts Benefits Ratio Benefits

Total Annual O/M&R Total
Costs2 Costs

100- 15900 1560 20 1580 7200 4.5 5620

Year

200- 18100 1780 20 1800 8900 4.9 7100

Year I I

400- 18400 1810 20 1830 9800 5.3 7970

Year

400+- 18400 1810 20 1830 9800 5.3 7970

Year3  F E I. I I I_ I

SIncludes costs for all Lands, easements, right-of-way and
relocations necessary for Levee raising, as well as
construction, engineering and design, supervision, administration,
and mitigation.

? Discount rate 8-3/4% 100 year project Life, October 1991
price Levels.

3/ Estimated benefits based on 400-year Levee alternative.

A formal Habitat Evaluation Procedure (HEP) analysis,
including both direct and indirect impacts, was performed. For
plan formulation purposes, environmental mitigation for direct
impacts was estimated based on the value of the habitat type
for wildlife and the length of time necessary to restore the
compensation site to the maturity of the impacted area. In
addition, at the time of the HEP analysis, the loss of
vegetation from riprapping levees was not considered.

Since the design water-surface elevations and corresponding
design levee elevations vary less than 1 foot between the 100-
and 400-year alternatives, the extent of environmentally
impacted areas varies little among the alternatives. Any of
the alternatives would adversely impact approximately 11.9
acres of wetland and riparian habitat and a maximum of 29.1
acres of upland. Compensation for lost riparian forest and
shrub/scrub impacts was estimated at a ratio of 3.3 to 1 for a
total of about 39 acres of wetland and riparian vegetation.
Grassland was assumed to be mitigated at a ratio of 0.45 to 1
for a total requirement of about 13 acres.

Compensation costs include planting and establishing
riparian forest and shrub/scrub vegetation, excavating. wetlands, and acquiring about 50 acres of land. Initial
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environmental mitigation costs for the 100-, 200-, and 400-year
alternatives total about $3.2 million for all plans. These
costs were estimated based on completed projects with similar -
revegetation requirements and on land costs for 50 acres from a
representative mitigation site in West Sacramento. Several
sites within the city of West Sacramento were identified as
suitable for mitigating environmental impacts of the
alternatives.

The no action alternative assumed that the current trend to
convert agricultural lands to residential and commercial
development in West Sacramento would likely continue until
1992. In 1992, termination of the temporary A-99 zoning
designation will require full compliance with Federal Emergency
Management Agency (FEMA) standards for flood control and
essentially preclude any further development because of the
extreme flood depths and a lack of other practical flood-
proofing measures. In contrast, all three levee alternatives
will eliminate the FEMA restrictions to development and allow
future planned development to occur as described in the City of
West Sacramento General Plan (1990). This change in future
land use would impact air quality, water quality, traffic, fish
and wildlife, and the loss of prime and unique farmlands.

Benefits

For economic purposes, the existing level of protection in
West Sacramento is approximately 70 years. The average annual
equivalent damages under without-project conditions for West
Sacramento are about $10 million. Average depths of flooding
for the 100-, 200-, and 400-year floods are essentially the
same and range from 3 to 16 feet within the boundaries of West
Sacramento (see Plate 10). Benefits from with-project
alternatives include inundation reduction, location, and flood
insurance program benefits.'

In accordance with planning guidance for determining flood
damage prevention benefits in the freeboard range, benefits can
be claimed for one-half of the area under the frequency-damage
curve between the design level of protection and the largest
flood that might be carried within the freeboard. Because of
hydraulic assumptions upstream of the study area, no
appreciable flow enters the Yolo Bypass beyond the 400-year
flood. Therefore, the 400-year flood would essentially be the
maximum flood possible in the study area. To derive additional
benefits from the freeboard, benefits for each design (100-,
200-, and 400-year) were averaged with the benefits for the
largest flood that can be carried within the freeboard (400-
year). Equivalent average annual benefits, including benefits
in the freeboard range are $7.2, $8.9, and $9.8 million for the
100-, 200-, and 400-year alternatives.
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Summary of Costs and Benefits

As shown on Table 7, maximum net benefits occur at the
400-year level of protection. The table also indicates that
because of hydraulic conditions in the system, annualized costs
and benefits for the 400+-year plan are identical to the
400-year alternative. As mentioned previously, no appreciable
flows enter the Yolo Bypass above the 400-year flood.
Consequently, designs and costs for a greater than 400-year
alternative would be the same as those for the 400-year
alternative. Similarly, maximum benefits would occur at the
maximum flood or maximum volume of water that can enter the
study area and induce flood damage. Higher frequency events
would also maintain the same level of benefits as the maximum
flood or the 400-year level of protection.

An incremental analysis of the proposed mitigation sites
identified Site D, the Yolo Bypass site, as the preferred site
for purposes of formulating the final alternative plans. A
graph of annual benefits and costs versus level of protection
indicates the 400-year alternative as the NED plan (Plate 13).

NED/SELECTED PLAN

The NED plan, or the plan that maximized net benefits, is
the 400-year levee alternative. In an August 1990 Executive. Committee Meeting, the local sponsor (State of California)
stated that it would support the NED plan as the Tentatively
Selected Plan. Design features of this plan include raising
and widening 5.7 miles of existing levees around West
Sacramento along the east side of the Yolo Bypass and south
side of the Sacramento Bypass a maximum of 5.5 feet. Final
designs and cost estimates in Micro Computer Assisted Cost
Estimating System (M-CACES) format were prepared. The project
design is not intended to benefit the area downstream of the
City of West Sacramento. The features of the plan are similar
to the 400-year alternative design described in the
alternatives section with the exception that hydraulic
mitigation features are not included.

Levee features of the 400-year alternative would impact
adjacent and downstream areas by reducing hydraulic conveyance
and flood storage. Analysis of these impacts to determine if
there was any significant consequential effect as a result of
the upstream project indicated that implementation of the plan
would not have significant hydraulic impacts on the existing
system. Therefore, hydraulic mitigation measures were not
required and are not a design feature of the Selected Plan.

6
67



S

68 5



CHAPTER V

SELECTED PLAN

PLAN DESCRIPTION

This chapter describes the components, accomplishments, and
impacts of the Selected Plan (the NED plan), which
provides the City of West Sacramento with 400-year flood
protection.

Levee Improvements

Under the Selected Plan, about 5.7 miles of existing levees
would be raised a maximum of 5.5 feet along the south side of
the Sacramento Bypass and the east side of the Yolo Bypass from
the Sacramento Bypass to the Ship Channel. The levee
modifications are presented in Table 8, and their location is
shown on Plate 14. Design levee crown elevations were based on
the 400-year water surface profile and design freeboard
criteria. Plate 15 shows a typical section for the proposed
levee raising, and Plates 16 and 17 show the new levee crown
profiles and stationing.

.TABLE 8
SELECTED PLAN

DESCRIPTION OF PLAN MODIFICATIONS

Reach Modified Reach Maximum Levee Additional Right Remarks
Length Height Increase Of Way

(Miles) (Feet) (Acres)

Sacramento Bypass 1.0 5.0 2.5 Raise Levee
South Landside

Levee

Yoao Bypass East 1.1 5.5 4.1 Raise Levee
Levee Sacramento Waterside
Bypass 1o

SPRR"

SPRR to 1-80 1.0 5.0 4.2 Raise Levee
Landside,
Install Flood

Gate at
SPRR

1-80 toShip 2.6 5.5 7.7 Raise Levee
Channelt Landside

1/ Southern Pacific Railroad
2/ Sacramento River Deep Water Ship Channel
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Relocations. The Southern Pacific Railroad and 1-80 routes
cross project levees in the reach of the proposed modifications
(See Appendix D, Basis of Design). These structures would
require major modifications if they were raised to the
elevations of the new levees.

The Southern Pacific Railroad grade is approximately 1 foot
above the proposed design water surface. Modification of the
railroad to pass over the proposed increased levee heights would
require raising several miles of railroad line and trestles at
great expense. Instead of raising the railroad, the plan
proposes that a flood gate, with concrete walls on both sides
and running parallel to the tracks, be installed at the railroad
crossing. The walls would abut the levee, and a concrete sill
would be installed for the tracks between the walls. A gate,
which would be closed and sealed during floods, would be
constructed between the walls. The proposed gate is similar to
those currently in use in other reaches of the Sacramento River
Flood Control Project.

The effects of increased water surfaces on Southern Pacific
Railroad bridges were also considered. These bridges are
currently wooden trestles, with a double track east-west rail
line. The Southern Pacific Transportation Company has indicated
that it is planning to replace the existing trestles with steel
pile and concrete cap and deck trestles, which are considered
adequate to withstand the small (less than 1 foot) increases in
water surface resulting from proposed levee modifications. The
1986 flood substantially encroached upon the wooden trestles,
and no structural problems occurred during the flood.

The grade of 1-80 is approximately 4 feet above the proposed
design water surface elevations. As with the railroad, any
modification of this crossing would be expensive. The existing
crossing is a wide concrete bridge, and the 4-foot freeboard is
considered adequate. The concrete roadway would serve to
prevent any wavewash from passing over the levee at this
crossing. The parapet walls on both sides of the roadway are
high enough to give 6 feet of freeboard at the roadway crossing.
This low point in the levee reach would not jeopardize the
integrity of the levee system.

Two existing telephone lines in the proposed construction
areas would need to be relocated. A telephone line at the
southern end of the Sacramento Bypass runs adjacent to the levee
alignment for about 1,000 feet. A second telephone line crosses
the levee alignment just downstream of 1-80. No additional
lands are needed for these relocations.

Borrow Sites. A total of about 825,000 cubic yards of fill
will be required for construction of the Tentatively Selected
Plan. Plate 18 identifies two possible borrow sites: (1) a 40-
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acre area within the Sacramento Bypass could provide theO approximately 265,000 cubic yards of fill needed to raise levees
along the east side of Yolo Bypass north of the Southern Pacific
Railroad tracks and along the south side of the Sacramento
Bypass and (2) a 70-acre section along the Ship Channel could
provide the additional 560,000 cubic yards of material needed
for the east levee of the Yolo Bypass south of the railroad
tracks. In addition, about 47,000 cubic yards of riprap will
be required for the proposed project. The riprap will be
obtained from commercial quarries.

Environmental Mitigation Features

Planning for mitigation of potential adverse environmental
impacts began during plan formulation by locating the flood
control facilities to avoid fish and wildlife habitat. For the
Tentatively Selected Plan, levees were raised either landside
only or waterside only to avoid critical habitats such as
wetlands and riparian forest.

The mitigation requirement includes the creation of a
combination of wetlands and uplands habitat types totaling 52.5
acres. Additional acreage acquisition may be required to avoid
severance damages that would occur with smaller acquisition.

Of the 52.5 acres, 39.4 acres will be wetlands habitat (a
* combination of riparian forest, emergent marsh, and

scrub/shrub). The acreage for each habitat type will be
determined in the design stage. The 13.1 acres to replace
upland habitat may be any upland or wetland cover or habitat
type. Mitigation would include reestablishment and maintenance
of the habitat types for 3 years, after which maintenance would
be the responsibility of the local sponsor (California State
Reclamation Board). Under state law the Reclamation Board would
relinquish maintenance authority to the California Department of
Fish and Game.

An Incremental Analysis identified Site D, the Yolo Bypass
site, as the preferred site for purpose of formulating the
Selected Plan (see DEIS/EIR). This proposed site was selected
primarily on the basis of habitat suitability and proximity to
the proposed construction site. It was determined that this
site could support high quality wetlands and uplands habitat.
Soil types and availability of water were critical factors that
affected site suitability. The proposed Site D meets the above
outlined environmental criteria. However, it is recognized that
land uses may change and other factors may influence mitigation
site selection. Therefore, final site selection is a tentative
process. If Site D is unobtainable the alternative mitigation
sites will be reanalyzed during the Preconstruction, Engineering
and Design (PED) phase of the study for the purpose of selecting
an alternative site.
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PLAN ACCOMPLISHMENTS

Based on levee failure assumptions developed for economic
analyses, existing project levees provide West Sacramento about
70-year level of flood protection. With a levee failure, almost
the entire area of West Sacramento could be inundated up to
depths of 16 feet. Without-project flood damages for all floods
greater than 70 years (existing level of protection) are
approximately $700 million. Average annual equivalent damages,
based on October 1991 price levels and an 8-3/4 percent interest
rate, are approximately $10 million.

The Selected Plan satisfies all planning objectives of the
study; that is, the plan reduces potential flood damages
adjacent to the Sacramento River and Yolo Bypass in the urban
areas of West Sacramento, while preserving environmental and
cultural resources in the study area. In conjunction with the
Selected Plan for the American River Watershed Investigation and
other existing flood control facilities, the plan would provide
an approximately 400-year level of flood protection to West
Sacramento area.

Benefits include inundation reduction, location, and flood
insurance program benefits. Because of the carrying capacity of
the system upstream of the study are, no appreciable additional
flow enters the Yolo Bypass for flood exceeding 400 years.
Essentially, the Selected Plan achieves the maximum average
annual equivalent benefits of $9.8 million (October 1991 price S
levels). This includes $8.3 million for inundation reduction,
$1.4 million for location, and $0.1 million for flood insuranceprogram benefits.

DESIGN AND CONSTRUCTION CONSIDERATIONS

Table 9 lists the levee design details for the different
levee reaches. Levee cross section designs remained the same as
that used in past levee design since these levee sections
performed adequately, and a stability analysis determined that
the levees would be stable after being raised to the elevations
proposed for the Selected Plan (see Appendix E). The south
levee of the Sacramento Bypass allows public access to the top
of the levee. The top width of this levee will be the minimum
safe roadway width of 28 feet. Determining whether new levee
fill would be on the landside or waterside was based on the
quality of fill to be placed and impacts on utilities,
relocations, development, and the natural environment.

Design freeboard was modified slightly from what was
discussed earlier in the technical studies section for the
Sacramento Bypass. Since the wave action of the Yolo Bypass
does not reach into the upper reaches of the Sacramento Bypass,
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design freeboard along this upper reach was reduced to 4 feet
. along the upper 2,000 feet of the Bypass. The freeboard is

increased to 6 feet along the lower reach where the sacramento
Bypass joins the Yolo Bypass. Design freeboard along the Yolo
Bypass was held at 6 feet to the Ship Channel where it was
reduced to 4 feet.

Erosion potential along the modified levees and the need
for erosion protection were also considered. Initially the 4 to
1 side slopes were thought to be sufficient to eliminate the
need for wavewash protection. However, after further
investigation of the erosion which took place during the 1986.
flood, consideration of the wave height potential in the Yolo
Bypass, and coordination with Reclamation District 900, the need
for erosion features were reconsidered. Field investigation
showed that riprap for wavewash protection already exists along
most reaches of the levee. This riprap extends from the toe of
the levee to about 4 feet from the top of the levee. It was
therefore decided that a 12-inch blanket of riprap will be
placed to tie into the existing riprap, which extends from the
toe to about 4 feet from the top for most levees, and will
extend up to 2 feet from the top. The concrete lining on the
reach of the east levee of the Yolo bypass between the Southern
Pacific Railroad and 1-80 will be removed and replaced with
riprap when the levee is raised to insure congruous protection
against wavewash along all reaches.

TABLE 9
SELECTED PLAN

DESIGN DETAILS FOR LEVEE REACHES

Side Slopes

Reach Top Width (Feet) Land Side (H:V) Water Side (H:V)

Sacramento 28 2:1 3:1
Bypass South
Levee

Yoto Bypass East Levee 20 3:1 4:1
Sacramento
Bypass to SPRR1

SPRR to 1-80 20 3:1 4:1

1-80 to 2hip 20 3:1 4:1
Channetl

1/ Southern Pacific Railroad
2/ Sacramento River Deep Water Ship Channel
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OPERATION AND MAINTENANCE

OPERATION

As described earlier, a flood gate will be constructed at
the Southern Pacific Railroad crossing along the east side of
the Yolo bypass. This gate will remain open until flood
elevations reach a predetermined critical elevation, at which
time it will be closed and sealed until flood elevations drop
below the critical elevation.

Flood elevations do not rise rapidly in the Yolo bypass,
and the critical flood elevation will be selected to give
adequate time to close and seal the flood gate. As proposed,
the gate itself will be entirely within the levee freeboard and
will not have floodwater against it unless design flows are
exceeded. A monitoring system will be installed to alert local
officials when flood elevations reach the critical elevation,
and the flood gate closure will be carefully monitored during
the flood's passage. Although the flood gate could interrupt
railroad traffic for several days, such an interruption would be
infrequent. These types of flood gates which are manually
operated, are currently in use in other reaches of the
Sacramento River Flood Control Project.

No operation is required the for remaining proposed project

features such as raised levees and environmental mitigation.

Maintenance

The Corps will prepare an Operation and Maintenance Manual
describing maintenance requirements for the completed work.
Levee maintenance activities could include maintaining a patrol
road and a grassy cover, with no woody vegetative growth, and
periodically inspecting for animal borings and other anomalies.

Maintenance costs for flood control features and fish and
wildlife improvements will be charged in accordance with
provisions of Title 33, Flood Control Regulation, Maintenance
and Operation of Flood Control Work, approved by Secretary of
the Army, on August 9, 1944, and published in the Federal
Register on August 17, 1944. The general intent of the
regulations is as follows:

The structures and facilities constructed by the United
States for local flood protection shall be continuously
maintained in such a manner and operated at such times and for
such periods as may be necessary to obtain the maximum benefits.
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ENVIRONMENTAL IMPACTS. Direct Impacts

The Selected Plan was developed to minimize environmental
impacts to priority habitats such as wetlands and riparian
forest. By raising either the landward or waterward side of the
levee, disturbances to the alternate side would be
minimized. Areas impacted by the Selected Plan are indicated in
Table 10.

Mitigation activities to minimize adverse construction
impacts include controlling dust, muffling equipment noise,
avoiding the use of residential and other sensitive areas as
transportation routes to and from the work site, and limiting
construction work hours.

The most significant direct impact of the Selected Plan
would be the permanent loss of natural vegetation and wildlife
habitat. (A detailed discussion is included in the EIS/EIR.)
The proposed levee work would affect habitat by (1) building
out the base of the levee to accommodate the raised height, thus
enlarging the levee "footprint," (2) periodically clearing the
permanent right-of-way, delineated as a 10-foot strip of land
extending from the toe of all the levees, and (3) adding riprap
to waterside slopes on the Yolo Bypass east levee. The existing. levee slope, which is protected with riprap or concrete that
effectively diminishes vegetative growth, was not considered a
direct loss or impact in the mitigation analysis. The HEP
analysis did count losses, primarily upland grasses, for other
slope areas which have no riprap or have riprap that has not
reduced vegetative growth.

Construction would temporarily disturb grasses and small
shrubs on levee slopes that would be cleared of vegetation and
then reseeded. In addition, construction activities would
damage habitat in a temporary construction right-of-way,
extending 25 feet beyond the 10-foot permanent right-of-way, but
reseeding would bring this area back to preproject conditions.
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TABLE 10
IMPACTED AREAS FOR THE SELECTED PLAN

Direct Permanent Imnacts Impacts Mitigation
(acres) (acres)

Wetlands 11.9 39.4

(Riparian Forest & Shrub/scrub)

Upland Grassland 29.0 13.1

Total 40.9 52.5

Temporary Impacts

Upland Grasslands 149.8 0

Mitigation for direct impacts was estimated on (1) the
value of the habitat type for wildlife and (2) the length of
time necessary to restore the mitigation site to the maturity of
the impacted area.

The U.S. Fish and Wildlife Service estimated the mitigation
ratio for riparian forest in the project area at a ratio of 3.3
to I. The forest is mature and highly valuable to wildlife, and
the mitigation area would take at least 50 years to reach
comparable habitat value.

Mitigation for shrub/scrub was estimated at 3.3 to 1. This
habitat is also important to wildlife, and riparian shrub/scrub
is essentially a younger stage of riparian forest. Permanent
direct impacts would be mitigated by developing and managing the
52.5 acres described earlier. The predominant habitat type
would be riparian forest, which is a high quality resource that
must be replaced in-kind. In excess of 11 acres is lost due to
the project.

The plan's mitigation area could be up to 70 acres
(including contingency acreage) which for cost estimating
purposes, would be developed as follows: 40 acres of riparian
forest, 10 acres of emergent marsh, 10 acres of shrub/scrub and
grasslands and the possible acquisition of 10 acres as an
uneconomic remnant.

The proposed mitigation site for the Selected Plan is
located in the Yolo Bypass immediately south of the Sacramento
Bypass and west of the east levee that is to be raised. The
existing land use here is agriculture/cropland (see Plate 12,
Site D).
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Indirect Impacts

Indirect impacts are related to land use changes that may
occur as a result of project implementation. As proposed, the
Selected Plan would remove the Federal Emergency Management
Agency's moratorium on development, thus making growth possible.
The economic analysis for without-project assumed no growth
after 1992 because of the A-99 zoning of most of the city within
the 100-year flood plain. Without the Selected Plan or similar
plan to achieve a minimum 100 year level of flood protection,
the A-99 zoning would be eliminated in 1992, and the regular
flood insurance program would be implemented. At this time,
compliance with the National Flood Insurance Program, coupled
with the extent and depths associated with the 100-year flood
plain, would preclude further development. The Corps is
responsible for identifying the project's likely indirect
impacts, as well as potential mitigation. Actual mitigation for
impacts of induced future development will be the responsibility
of the local agencies controlling development in the project
area. Since the extent and timing of these indirect impacts
will be determined in the context of the local land use planning
process, it is appropriate that this process address mitigation
issues as well. The local agencies are expected to provide
assurances as to how they will exercise their planning authority
to avoid or minimize indirect impacts. These assurances are
discussed in Chapter 23 of the EIS/EIR. The State and local. interests have provided their plans for mitigation of growth-
inducing impacts as part of the Memorandum of Understanding
found in the EIR/EIS.

With project implementation, urban development is expected
to occur at a rate consistent with the State of California
Department of Finance population projections and employment
projections, availability of land in West Sacramento, and
concurrent development of necessary infrastructure. The land
use assumptions are outlined in Appendix A - Land Use and
Chapter 5 of the EIR/EIS. Growth was projected based on the
City of West Sacramento General Plan (1990), which identifies
future land use patterns that simulate maximum buildout of the
area. Much of the new development will affect open space and
agricultural lands. The Corps estimated the loss of vacant land
and accompanying wildlife habitat and natural vegetation at
about 3,400 acres over the life of the project. Specific
procedures would be developed on the preservation of cultural
and historic resources, wetlands, fish and wildlife resources,
endangered species, and air quality.

The West Sacramento General Plan EIR identified mitigation
measures for the impacts of development. The Corps, has
prepared a plan to avoid and mitigate direct impacts and
disclose indirect impacts to the valley elderberry longhorn
beetle; this plan is in accordance with the Endangered Species
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Act (see EIR/EIS Chapter 23). Similarly, the local sponsor, in
consultation with local agencies including the State Department
of Fish and Game, has prepared an MOU for avoiding and
mitigating impacts to Swainson's hawk and giant garter snake.
In addition, the EIS/EIR contains an MOU which addresses
indirect impacts to Fish and Wildlife. (See EIS/EIR Appendices
H and F).

ECONOMICS OF THE-TENTATIVELY SELECTED PLAN

A 100-year project life (1998 to 2098) was used to compare
final costs and benefits and to analyze environmental and
economic impacts and benefits for the Tentatively Selected Plan.
Project economics were based on October 1991 price levels, an 8-
3/4 percent interest rate, a 100-year life of the project, and a
2-year construction period beginning in 1996. First and annual
project costs are summarized in Table 11, and costs and benefits
in Table 12. Detailed information on project benefits and costs
is presented in Appendix A, Economics, and Appendix D, Basis of
Design, respectively. Appendix D includes a breakout of costs
for the Federal and non-Federal components and a description of
the "Code of Accounts Cost Estimating" procedures that were used
to estimate project costs. Real estate costs are summarized in
Appendix F, Real Estate.

Operation and maintenance costs represent the average cost
of maintaining the project over its 100-year life, including
maintenance and periodic renovation of the additional levee,
operation and maintenance of the gate across the Southern
Pacific Railroad, and maintenance of mitigation areas.

Based on known expenditures for similar projects, costs would
average $20,000 annually.

As shown in Table 12, net economic benefits are estimated at
about $8.1 million. Benefit categories include inundation
reduction, location, and flood insurance program benefits. The
benefit-cost ratio is 5.7 to 1. Based on existing development
the benefit-cost ratio is 4.9 to 1.
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TABLE 11
SELECTED PLAN COST ESTIMATE
(October 1991 Price Levels)

First Cost

Item Description Cost

01 Lands $1,880,000
02 Relocations 15,000
06 Fish and Wildlife Facilities 2,400,000
11 Levees 10,200,000
18 Cultural Resource Preservation 131,000
30 Planning, Engineering and Design 1,665,000

31 Construction Management 1,132,000
Project First Cost $17,423,000

Annual Cost

Total First Costs $17,423,000
Interest During Construction 1,560,000
Total First Investment 18,983,000
Interest Rate 8.750%
Analysis Period (years) 100
Interest and Amortization 1,660,000
0,M&R Costs 20,000
Total Annual Costs $1,680,000

TABLE 12

ECONOMIC SUMMARY OF SELECTED PLAN

Items $ Millions

First Cost 17.4
Annual Cost 1.7
Annual Benefits 9.8
Net Benefits 8.1

Benefit-Cost Ratio 5.7
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RISK AND UNCERTAINTY

Whether the Selected Plan provides the accomplishments
described depends on the validity of the assumptions and
analytical elements used in the study; the accuracy of base
data; the successful completion of future studies, designs, and
construction; and appropriate operation and maintenance after
construction. Several significant study elements and the
estimated relative risk and/or uncertainty associated with them
are described below.

Sacramento River Flood Control System Evaluation

The without-project condition assumes that the following
features of the Sacramento River Flood Control System Evaluation
are in place. The probability of successful completion and
operation of this evaluation is high because of strong
Congressional and local support.

Construction of phase I, Sacramento Urban Area
Improvements, was initiated and is scheduled for completion
in 1992; this assumption is therefore relatively certain.

Phase II, Marysville-Yuba City Area, includes remedial
repairs of levees along the Yuba and Feather Rivers to return
them to design standards. If phase II work was not assumed
to be in place, levee failures would occur earlier during the
flood event but it would not impact events in excess of the S
100-year flood. Therefore, although phase II work has not
yet been approved for construction, initial hydraulic studies
indicate that reconstruction of these upstream levees to the
system design level would not significantly affect the design
flows in the Yolo Bypass in the vicinity of West Sacramento
or the feasibility of the project.

Phase III, Mid-Valley Area, recommends remedial repairs
along the east levee of the Yolo Bypass north of Sacramento
Bypass, including raising the existing levee crown elevation
in low areas to prevent overtopping. Results of phase III
studies indicate that certain increments of levee
reconstruction work are not economically feasible and may not
be approved. The assumption that phase III work is not in
place will not impact the feasibility or plan formulation of
the Selected Plan. The most likely scenario would be failure
of the east levee of the Yolo Bypass into the Elkhorn area.
However, this failure would not affect maximum stages in the
Yolo Bypass because high volumes in the bypass and the
duration of flow elevations are essentially the same for the
200- and 400-year floods.
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Phase III work would increase flood protection to the
Elkhorn Slough area, which has an existing level of
protection of 20 years. The design level for the 100, 200 and
400-year floods with or without Phase III work will remain
the same. This is because a levee failure would cause the
area to fill primarily to a 100 year event. Implementation of
phase III would not affect the plan formulation of the
Selected Plan.

Phase IV, Lower Sacramento Area Reconstruction, would
provide increased protection to the lower Sacramento area,
specifically to the area south of the City of West Sacramento
to Rio Vista. With the system in place, the level of
protection is raised to 30 years. Implementation of this
project would not affect the feasibility or formulation of
the Selected Plan.

* Phase V, Upper Sacramento Area, would provide increased
protection to the upper reaches of the Sacramento River
including the federal levees north of Knights Landing.
Initial hydraulic studies indicate that reconstruction of
these upstream levees to the system design level would not
significantly affect the design flows in the Yolo Bypass in
the vicinity of West Sacramento or the feasibility of the
Selected Plan.

American River Watershed Investigation

The Sacramento Metropolitan Area Study assumes that the
Selected Plan proposed for the American River Watershed
Investigation is in place. The likelihood of the American River
project being authorized is very high because the area's level
of flood protection is significantly below 100 years, and the
flood plain is occupied by about 400,000 people and $36 billion
in damageable property. Although the proposed American River
project and Sacramento Metropolitan project can function
independently, the study areas for both projects are
hydraulically interrelated, in addition, the projects are to be
combined during preconstruction engineering and design.

* The Selected Plan for the American River Feasibility
Investigation provides a 200-year flood protection. With a
200-year design project on the American River, 400-year flood
will result in floodflows into the American River of about
240,000 cfs below Folsom Dam. Hydrologic analysis determined
that levee failure would occur at 240,000 cfs and that the
resultant flow at the mouth of the American River would be
about 180,000 cfs. This flow, combined with the concurrent
100-year Sacramento River flow, would result in a levee
failure at river mile 50, downstream of the cross levee south
of West Sacramento, so that flows through this break would
not produce flood damages in West Sacramento. In addition, a
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break at river mile 50 allows flooding on the West Sacramento
side and not into the highly urbanized area of south
Sacramento. However, the south Sacramento area would S
experience flooding from the levee breaks on the American
River. Additional levee work for south Sacramento is
therefore not required.

- The proposed Auburn storage facility reduces the amount
of levee raising required around West Sacramento for the
Selected Plan and dismisses the need for proposing added
levee work along the Sacramento River for protection to south
Sacramento.

* Without an American River Watershed project, the 100, 200,
and 400-year floods on the Sacramento River, would produce
levee failures on the Sacramento River at river mile 50. If
there is a failure at river mile 50, there would be no
failures along the Sacramento River adjacent to West
Sacramento. These failures are based on Corps failure
criteria. If the proposed American River project was not
constructed, the Sacramento Metropolitan Area Study Selected
Plan would still be feasible, and the levee raising
improvements would still provide in excess of 150-year
protection to the City of West Sacramento. However, the
south Sacramento area would maintain its existing 70- to 80-
year level of protection.

The American River Watershed Investigation includes a
detention basin in northeast Natomas as a hydraulic
mitigation in the final selected plan, it will not affect the
feasibility or plan formulation of the Sacramento
Metropolitan Area Study Selected Plan.

Stage-Frequency Relationships

The development of the stage-frequency relationships was
based on various assumptions, base data, and modeling techniques
used in the study. The details of the hydrologic and hydraulic
analysis are included in Appendix C. Assumptions concerning
upstream levee failures for extreme events along the upper
Sacramento River would impact floodflows and stages in the
project area. These assumptions were based on historic events,
existing levee conditions, and expected rainfall-runoff amounts.
The modeling results and design profiles are considered
reasonable and appropriate for this study.

Induced Flooding

The Selected Plan does not include hydraulic mitigation
measures to offset any induced flooding downstream. Results of
the hydraulic impact analysis indicated that impacts from the
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Selected Plan to the depth, duration, and frequency of floodingO to the existing system were not significant. During a 400-year
flood event hydraulic analysis indicates that implementation of
the plan would result in a flood elevation increase which varies
from 0.4 foot to 1.1 feet downstream areas. Of particular
concern was the risk assessment associated with increased
flooding to the Yolo County Landfill and City of Davis
Wastewater Treatment Plant. Based upon the information
developed under the Yolo Bypass Reconnaissance study there is an
existing flood threat and potential flood damages to the
Treatment Plant and Landfill. The Treatment Plant and Landfill
are located in the Willow Slough Bypass area. Both facilities
are subject to flooding from potential levee failures on the
north Willow Slough Bypass levees. The non-damaging event was
assumed to be the 20-year flood event. For the 100-year flood
event average depth of overland flow affecting the landfill
would be < 3 feet and would last for less than 3 days. The
landfill appears to be outside the ponding area for this type of
flooding. Even considering the above outlined damages potential
hydraulic mitigation measures were not found to be economically
feasible. The risk that the Selected Plan would induce flooding
is low.

Residual Flooding

The Selected Plan provides a 400-year level of flood. protection to the West Sacramento area. Over the 100-year life
of the project, the probability of a flood exceeding the design
level of protection is about 21 percent. The probability of a
flood exceeding the design level over a 30-year period is about
8 percent. These figures support an acceptable level of risk.
In addition, the local sponsor supports the level of protection
being proposed and understands the level of residual risk.

Interior Flooding

The risk of interior flooding in the study area would
continue with implementation of the Selected Plan. The City of
West Sacramento has an existing interior drainage system for the
existing levees. This system was recently analyzed for the
City's general plan. The area within the City is divided into
eight major drainage sheds which encompass about 12,000 acres.
Three reclamation districts serve the City's trunk storm
drainage and flood protection needs. The current interior
drainage system is composed of storm drain laterals and trunks
which drain to canals that either drain to the Ship Channel or
to pumping stations. These stations pump water to
either the Yolo Bypass, the Ship Channel, or the Sacramento
River. The drainage canals are large enough to serve as storage
or detention basins.
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The City of West Sacramento General Plan has investigated
improvements to the drainage system, which will be necessary as
planned development occurs. In most cases, these improvements S
are designed to limit the 100-year elevations within the
drainage system. These improvements include larger trunk lines
and additional pumping stations. None of these improvements are
necessary because of the proposed Selected Plan.

The proposed raising of the levees does not alter the
existing drainage patterns or the current operation of the
existing system. No modifications to the drainage system are
proposed as part of the Selected Plan. There are no additional
risks to interior drainage anticipated as a result of the
proposed project.

Sedimentation

With respect to the impacts of sediment deposited in the
Yolo Bypass, it is estimated that about 460,000 cubic yards of
sediment are deposited annually in the Bypass. If spread
uniformly over the surface area of the Bypass, this amount would
represent a depth of about 0.05 inch per year or 5 inches in a
100-year period. The estimated impact of sediment on the design
is considered to be minimal and well within the 6 feet of
freeboard used in the Selected Plan.

Environmental Mitigation

The uncertainty of adequately offsetting adverse impacts to
environmental resources resulting from project construction is
low, primarily because (1) a detailed analysis was performed and
coordinated with various agencies, (2) conservative estimates of
replacement needs were used, and (3) success of mitigation
efforts will be monitored and enforced according to the required
mitigation plan. The State of California, Reclamation Board is
engaged in ongoing negotiations with various environmental
agencies with the purpose of developing a mitigation plan for
indirect impacts to the Swainson's Hawk in West Sacramento. A
summary of these ongoing negotiations is included in the
EIS/EIR, and accompanying Memorandums of Agreement.

Project Cost

The degree of confidence in the estimated project cost is
considered to be high. Contingencies, which average overall
about 20 percent and are considered reasonable, have been
included in the cost estimate. The detailed Cost of Accounts
Cost Estimating procedures were used for the Selected Plan.

845



CHAPTER VI

PLAN IMPLEMENTATION

IMPLEMENTATION REQUIREMENTS

Report Review and Approval

This final Feasibility Report will be extensively reviewed
by Federal, State, and local agencies as well as by private
groups and individuals. The Corps will submit this final report
to its Washington Level Review Center, publish a public notice
of completion of the study (providing a 30-day review period),
and file the final EIS/EIR with EPA. The Washington Office will
coordinate all public and internal reviews, and the Board of
Engineers for Rivers and Harbors will make a recommendation on
the project to the Chief of Engineers. The Chief of Engineers
will submit the report to the Assistant Secretary of the Army,
who, in turn, will transmit the report for Office of Management
and Budget comments before submittal to the Congress.

Engineering and design studies will be initiated after
publication of the public notice of completion of study. The
results of these studies will be used to prepare plans and. specifications for the project. These studies will initially be
conducted at Federal expense, but will ultimately be added to
the project construction cost and shared with the non-Federal
sponsor (along with the costs of other project features).

This final Feasibility Report and EIR/EIS is scheduled for
Washington-level review by March 1992.

PROJECT AUTHORIZATION

Once the Feasibility Report is approved and the project is
authorized, construction funds will be required. The project
will be considered for inclusion in the President's budget based
on (1) national priorities, (2) magnitude of the Federal
commitment, (3) economic and environmental feasibility, (4)
level of local support, (5) willingness of the non-Federal
sponsor to fund its share of the project cost, and (6) budgetary
constraints that may exist at the time of funding. Federal
budget recommendations will be based on evidence of support by
the State of California, who is the non-Federal sponsor, and the
State's ability and willingness to provide its share of the
project cost. Once the Congress appropriates the Federal share
of funds, the Assistant Secretary of the Army (Civil Works) and
the non-Federal sponsor will sign a Local Cooperation Agreement,
which will define the Federal and non-Federal responsibilities
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for implementing, operating, and maintaining the project
according to requirements established by the Congress and the
administration.

If the project is authorized in 1992, construction
activities could be started as early as 1996 and be completed in
1999.

COST-SHARING REQUIREMENTS

Federal Responsibilities

Following completion of the final Feasibility Report and
EIR/EIS and authorization of the project by Congress, the
Federal Government will finalize designs, prepare detailed plans
and specifications, and construct the project after funds are
appropriated and non-Federal interests provide the 5 percent
cash contribution, lands, relocations and assurances for the
non-Federal cooperation requirements.

Non-Federal Responsibilities

Current Federal regulations require non-Federal
participation in the financing of projects. In accordance with
the Water Resources Development Act of 1986, the non-Federal
sponsor will:

* Provide without costs to the United States all lands,
easements, and rights-of-way necessary for construction
and maintenance of the flood control and associated
mitigation measures, including all necessary relocations
and alterations of buildings, utilities, roads,
bridges(except railroad bridges), sewers, irrigation
diversions, and related special features.

* Hold and save the United States free from damages
resulting from construction and subsequent maintenance of
the project, except for damages which are caused by the
fault or negligence of the United States or its
contractors, and if applicable, adjust all claims
concerning water rights.

* Maintain, operate, repair, replace, and rehabilitate all
completed work, without cost to the United States, in
accordance with regulations prescribed by the Secretary of
the Army. Monitor the status of completed mitigation and
provide periodic reports on its condition and repairs and
replacement if needed.
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• Provide a cash contribution of 5 percent of the total
project cost and an additional cash contribution, if
necessary, to bring the non-Federal share to a minimum of
25 percent of the total project costs, with credit given
for lands, easements, rights-of-way, and relocations. The
non-Federal contribution shall be made concurrently and
proportionally with Federal expenditures for project
construction.

* Comply with the provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of
1970 (Public Law 91-646, 84 Stat. 1894), as amended.

* Publicize flood plain information in the area concerned
and provide this information to zoning and other regulatory
agencies for their guidance and leadership in preventing
unwise future development in the flood plain and in
adopting such regulations as may be necessary to
ensure compatibility between future development and
protection levels provided by the project.

* Participate in and comply with applicable Federal flood
plain management and flood insurance programs.

L Comply with the provisions of the Comprehensive
Environmental Response, Compensation and Liability Act of
1980 (Public Law 96-510, 42 USC 9601-9675). Specifically,
the non-Federal sponsor must assume complete financial
responsibility for the cleanup of any hazardous material
located on project lands and regulated under the
Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) and be responsible for operating,
maintaining, repairing, replacing, and rehabilitating the
project in a manner so that liability will not arise under
CERCLA.

Federal and non-Federal obligations and requirements will
be defined in a Local Cooperation Agreement signed prior to
initiation of construction. The non-Federal funds will not have
to be provided until after the Congress authorizes the project
and appropriates construction funds and a Local Cooperation
Agreement is signed. Payment of the funds will be made at
intervals during construction.

COST APPORTIONMENT

Based on current Corps regulations, Federal participation is
limited to the Federal share of the cost of the NED plan.
Accordingly, Table 13 shows the estimated Federal and non-
Federal costs for the Selected Plan.
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FINANCIAL ANALYSIS

The State of California (through the Reclamation Board) has S
a plan for financing the non-Federal costs of a project. It
includes authorization (Section 12657 of the California Water
Code) for the State to pay for lands, easements, rights-of-way,
and relocations on Federally authorized flood control projects
in the Sacramento and San Joaquin Valleys. The State, in
cooperation with other non-federal agencies, will pay all of
non-Federal capital costs, including the 5-percent cash
requirement, lands, easements, rights-of-way and relocations,
and ensure that the project will be maintained to Federal
standards. (See Appendix G - Financial Plan).

TABLE 13
SELECTED PLAN

SUMMARY OF PROJECT FIRST COSTS

Federal Mon-Federa J Total

Lands and Damages 1/ 180,000 1,700,000 1,880,000,

Relocations --- 15,000 15,000

Fish & Wildlife Facilities 2,400,000 --- 2,400,000

Levees and Ftoodwalts 10,200,000 --- 10,200,000

Cultural Resources Preservation 2/ 131,000 131,000

Planning, Engineering and Design 1,660,000 5,000 1,665,000

Construction 1,130,000 2,000 1,132,000

Subtotal 15,7018000 1,722,000 17,423,000

Non-Federat Cash Contribution -2,601,000 +2,601,000

Project First Cost 13,100,000 4,323,000 17,423,000
1/ Federal administrative costs for non-Federat Land acquisition.
2/ Cultural Resources Preservation costs associated with mitigation and/or data recovery up to one percent

of the total Federal costs are not subject to cost sharing

The Reclamation Board will be responsible for the operation,
maintenance, and repair of the completed project. State law
requires the Board to pass on these responsibilities and their
costs to the local beneficiaries of the project.

Maintenance activities will be provided by the local
agencies, who currently obtain funds through existing benefit
assessment districts.
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The Board, as the non-Federal sponsor for the feasibilityO study and likely non-Federal sponsor for the proposed project,
will furnish funds for the State's share of project costs by
appropriations made by the State Legislature.

VIEWS OF OTHERS

In general, local agencies, organizations, and individuals
support the selected plan. The Letter of Intent from the State
Reclamation Board is contained in Chapter X of this document.

There is some disagreement between the FWS and Corps on the
level of environmental impact and mitigation for inclusion in
the selected plan. The issue specifically concerns secondary
impacts which may result from construction of the Selected Plan.
This issue and mitigation responsibility is described in more
detail in the EIS/EIR.

0



905



CHAPTER VII

PUBLIC INVOLVEMENT

This chapter describes the scoping and public involvement
process used to gain input from agencies and the public for use
and consideration in the draft and final Feasibility
Report/EIS/EIR.

The Corps initiated the public comment period with
publication of a Notice of Intent in the August 31, 1989,
Federal Register. The State published a Notice of Preparation
on October 13, 1989. A public information meeting was held in
West Sacramento on December 2, 1989, to describe study
alternatives and objectives, outline the schedule, answer
questions, and gather public comments and concerns on the issues
and alternatives to be analyzed. All individuals,
organizations, and agencies were invited to attend, and
Congressman Vic Fazio participated, indicating his support for
flood control improvements in the study area.

In 1989 and 1990, the Corps conducted an intensive public
awareness program, making more than 100 presentations to the
news media, government officials, environmental groups, trade
and fraternal organizations, and agencies to explain the. Sacramento area's flood control problems and seek comment from
diverse audiences on solutions and concerns. Many of these
presentations were also open to the general public. This
program included potential flooding problems and alternative
solutions in the West Sacramento study area.

The Corps also established and encouraged public use of a
toll-free telephone number to answer questions or make comments
on the various flood control studies in the Sacramento area.
The number was announced at Corps presentations, public
meetings, and on local television stations.

The Notice of Availability for the draft Feasibility
Report/DEIS/EIR was published in the Federal Reqister, in
November 1991. Verbal and written comments on the draft EIS/EIR
were accepted at a public hearing held December 10, 1991. A
transcript of the hearing can be found in Appendix H. In
addition to the public hearing two public workshops, were held
on December 2 and 4, 1991. The draft feasibility document was
circulated for public and agency review in November 1991. At
the close of the comment period, 13 comment letters were
received. These comments and their responses are contained in
the Comments and Responses Appendix.
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CHAPTER VIII

CONCLUSIONS

Feasibility evaluations of the Sacramento Metropolitan area
indicate that the City of West Sacramento has less than a
100-year level of flood protection. The south Sacramento area
(including Greenhaven) adjacent to the Sacramento River has a
level of flood protection of 100 years or greater from potential
flooding from the Sacramento River. For all areas within the
study area, it is assumed that existing levees are structurally
stable under existing design conditions.

The stage-frequency analyses conducted in this study indicate
that the recurrence interval of the February 1986 flood was about
70 years for the Sacramento River and Yolo Bypass in the study
area. Minimum levee embankment freeboard observed during the
February 1986 flood event was 1.4 feet for West Sacramento on the
Sacramento River side and 2.0 feet for West Sacramento on the
Yolo Bypass side. However, the lower spot on the Sacramento
River side is being raised through current local development
along the river. Design freeboard for the system is 3 feet and 6
feet on the Sacramento River and Yolo Bypass, respectively.
These minimum observed freeboards and the estimated recurrence. interval of the 1986 flood suggest a level of protection for West
Sacramento significantly less than 100 years.

With- and without-project conditions for the study assume
that the Selected Plan for the American River Watershed
Investigation is implemented. Consequently, the flood threat to
West Sacramento and south Sacramento from the American River was
considered in a sensitivity analysis during the formulation of
alternatives for this study. This analysis determined the
impacts to West Sacramento if the proposed American River flood
control facility was built or not and the formulation of higher
levels of flood protection.

Four flood control alternatives were formulated by (1)
identifying and evaluating a variety of flood control measures
and (2) developing final alternatives based on feasible measures.
Potential measures included modifying existing weirs, modifying
existing levees, diversion facilities, storage facilities,
deepening or enlarging channels, and nonstructural measures. The
only measure that was technically, economically, and
environmentally feasible was to modify existing levees.

The final alternatives included the no action alternative and
100-, 200-, and 400-year plans of levee raising for increased
flood protection for West Sacramento. Preliminary economic
analyses indicated that levee raising improvements for the City
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of West Sacramento were economically justified with benefit-to-
cost-ratios of 4.5, 4.9, and 5.3 for the 100, 200, and 400-year
plans. The estimated first costs are $15.9, $18.1, and $18.4
million. Optimization analysis of the 100-, 200-, and 400-year
alternatives resulted in selection of the 400-year alternative
plan as the NED Plan. With local support, the NED plan was
chosen as the Selected Plan.

The Selected Plan features include raising 5.7 miles of
existing levee on the east side of the Yolo Bypass and the south
side of Sacramento Bypass a maximum of 5.5 feet and creating and
managing 39.4 acres of wetland and 13.1 acres of uplands habitat
to mitigate for adverse environmental impacts. The results of
the hydraulic impact analysis indicate that potential increases
to depth, duration, and frequency of flooding to downstream areas
as a result of implementation of the Selected Plan are not
significant. Based on this analysis, hydraulic mitigation
features are not included as design features in the Selected
Plan.

The total first cost of the Selected Plan based on a detailed
analysis (M-CACES) is estimated at $ 17.4 million (October 1991
price levels). Total annual costs of the plan are estimated at $
1.7 million. The average annual equivalent benefits at an
interest rate of 8-3/4 percent are estimated at $9.8 million,
yielding a benefit-cost ratio of 5.7 to 1.0.

There is strong local support for a plan that would provide a W
high level of flood protection to the area, while minimizing any
potential adverse environmental impacts. The State of
California, as well as County, City, and other local agencies,
are actively cooperating in the development of an acceptable
plan. The local sponsor has indicated a willingness and
capability to share project costs and assume operation and
maintenance of the completed project.
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CHAPTER IX

PROPOSED RECOMMENDATION

After carefully considering the environmental, social and
economic effects, as well as engineering feasibility, of all
plans, I recommend that the plan selected herein for flood
control be authorized for implementation as a Federal project,
with such modifications as in the discretion of the Commander,
Headquarters Office of the U.S. Army Corps of Engineers, may be
advisable, and subject to cost sharing and financing
arrangements satisfactory to the President and the Congress as
prescribed in Section 106 of the Water Resources Development Act
of 1986 (Public Law 99-662). The project would include the
raising of 5.7 miles of existing levee around West Sacramento a
maximum of 5.5 feet, and the implementation of 52.5 acres of
environmental mitigation. The total initial Federal cost is
presently estimated at $17.4 million (October 1991 price level).

The recommendations contained herein reflect the information
available at this time and current Departmental policies
governing formulation of individual projects. These
recommendations do not reflect program and budgeting priorities
inherent in the formulation of a national Civil Works
construction program, nor the perspective of higher review levels-
within the Executive Branch. Consequently, the recommendations
may be modified before they are transmitted to the Congress as
proposals for authorization and implementation funding.

Laurence R. Sadoff
Colonel, Corps of Engineers
District Engineer
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CHAPTER X

LETTER OF INTENT

SATE OF CAL! FC;i i--TJ - 3CC AGENCY • , ..Z , =

THE RECLAMATION BOARD
1418 Ninth Slre.t. Foom 455-6
Sacramento, CA 95814

(916)65-44E

Colonel Laurence R. Sadoff
District Engineer
Sacramento District
U. S. Army Corps of Engineers
1325 J Street
Sacramento, California 95814-2922

Dear Colonel Sadoff:

The Reclamation Board indicates our intent by this letter,
as conditioned below, to be the nonfederal sponsor for the flood
control project recommended in the Sacramento Metropolitan Area
Final Feasibility Report and Environmental Impact Statement/
Environmental Impact Report.

The selected plan contemplates 5.7 miles of levee raising on
federal project levees along the east side of the Yolo Bypass and
the south side of the Sacramento Bypass. The selected plan would
increase the level of flood protection in the West Sacramento
area from the current 70-year level to a high level of protec-
tion. The urgent need for these levee improvements is described
in the combined project feasibility report and environmental
impact statement/environmental impact report.

Subsequent to federal, State, and local authorization and
appropriation, and only after completion of the review process
reauired under the California Environmental Quality Act, the
Board will enter into a local cooperation agreement to provide
all nonfederal requirements for lands, easements, rights of way,
relocations, and cash contributions as required and in accordance
with the Water Resources Development Act of 1986 (PL 99-662).
Submittal of this letter of intent is not an obligation of future
unappropriated State funds by the California Legislature.

If you have any questions, please have your staff contact
Raymond Barsch, General Manager of The Reclamation Board, at
(916) 653-5434 or Peter Rabbon, Program Manager for Flood Control
Activities Under Reclamation Board Authority, at (916) 653-6075.

Sincerely,

Wallace McCormack

President
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Basis of Economic Analysis
Sacramento Metropolitan Area, California

(July 1991)

Introduction

The purpose of this section is to describe flood damage data
and procedures used in computing future annual flood damages for
without and with project conditions. This analysis is based upon
a 100 year project life (1998-2098), October 1991 price levels
and an 8 3/4 percent interest rate.

Without Project Conditions

As a result of the record flood stages experienced during
February 1986 and other recent high flood stage events, the
Sacramento District Corps of Engineers recently reevaluated the
current level of flood protection in West Sacramento. The
District concluded that the levees along the Sacramento River and
Yolo Bypass currently do not provide protection from a 100-year
flood event. The Federal Emergency Management Agency (FEMA)
revised the City's Flood Insurance Rate Maps (FIRM) and adopted
the new maps in March 1990 as shown in Figure 1. In the revised
FIRM, nearly all of the city is designated within the 100 year
flood plain as an A-99 zone. This designation is normally used
for areas where a Federal Flood Protection System is under
construction. The A-99 zoning will end in 1992 if the City of
West Sacramento cannot prove that adequate progress has been made
in providing a 100-year level of flood protection. At that time,
the area would be re-mapped in accordance with whatever flood
protection was in existence and new flood hazard maps would be
issued.

The assumption for the without project condition is that the
A-99 zoning will be terminated in 1992. At that time, the City
will continue to participate in the National Flood Insurance
Program and will ensure that their local regulations are in full
compliance with standards adopted by FEMA. Some of the local
flood-related regulations currently outlined in the City of West
Sacramento General Plan-Policy Document (1990) include the
following:

(1) New residential development, including mobile homes,
shall be constructed so that the lowest floor is at least 12
inches above the 100 year level for storm damage.

(2) Non-residential development shall be anchored and flood
proofed to prevent damage from the 100 year flood or,
alternatively, elevated to at least 12 inches above the 100-year
flood level.

(3) Existing development shall comply with policies #1 and
#2 when improvements are made costing at least 50 percent of the
estimated current market value of the structure before
improvements.

o1



S

0

S
2



*X

.. ../. .

I. .........

~~~~~~~~~~~~~. ......ea E w ec M ngmetA ecy a~nS 19

Vi



S

0

S
4



O (4) New development shall be designed to prevent the
diversion of floodwater onto neighboring parcels.

Compliance with the regulations creates a problem when
considering the extremely deep depths of flooding (see Figure 2)
and the lack of practical flood proofing measures available for
the study area. Local city planners were asked what effect this
might have on future development and they indicated three
possible approaches that the City might use to solve the problem.

(1) A deepening of the Yolo Bypass.
(2) Creation of an internal levee system that would result

in a series of islands. Levees would be built initially around
existing pockets of development.

(3) Work would be done on improving the existing levees to
increase the level of protection (similar to Corps proposal).

The first two approaches were considered to be costly with
the second being described as a fiscal disaster. This is because
homes would have to be removed in order to implement the
project. The third approach was determined to be the most likely
one the City would undertake. ER 1105-2-100 (28 December 1990),
Section III, 4-11 (8) states "If the local interests are willing
to build a given flood control project, but only if the Corps. doesn't do it, assume no project as without project condition."
This economic analysis assumes that there will be no growth after
1992 under without project conditions.

1.Value of Damageable Property

There are approximately 12,000 acres in the study area and
the extent of existing development can be seen in Figure 3. An
inventory of properties was undertaken in order to establish the
value of damageable properties within the flood plain. By means
of field surveys, aerial photography, analysis of other available
data (e.g. zoning map), the number and size (square footage) of
physical units in the flood plain were determined for each of the
following categories: residential (single family, multiple,
mobile homes), commercial, industrial, public and semi-public,
and farm buildings. The data was compiled by depth of flooding
and structure foundation height (first floor elevation).

Once the square footage was determined, the next step was to
assign values to each property. Appraisal handbooks (published
by Marshall and Swift) were used to establish replacement costs.
Then as suggested in ER 1105-2-100, a depreciation value was
determined. The depreciation which accounts for deterioration
occurring prior to flooding was established through discussions
with real estate appraisers knowledgeable in properties in the
study area. A summary of the data by foundation height and depth
of flooding is provided in Table 1.

Although depreciation values have been used in our analysis,
market values also had to be considered because of the local
flood plain regulation mentioned previously. This regulation
requires structures to be flood proofed whenever improvements are

5



CIt II"ilII N

rTL z , .' I I% I1w i l i l

SAC zn111 u

liiiI ,W4. l i f

......... .. ..

-iK * K 1

-------- --.

................... *..*,NNN

.v.NNNN.,....NNN.

........ ...

I HI II15-10 feet

....... 110 feet
........ N N I¾J,/$

............
1 -15 fee

... ........... ......... N.N..j

'...... Ž10-~ Jt~ ,S 15 feet
........... . . .~ v.NN:NmN.

a .. .... ...N t r .~ 16 feet

=........... ....... N.. I*;.,*ý.:: 16 feeRETOMTRPL tANAE

I- -......................

-.... ~THE 100-, 200- AND 400-YA

- Scale in feet

- ________FLOODPLAINS

0 SACRAMENTO DISTRICT, CORPS OF ENGINEERS
AkUGUST inc

FIGURE 2
6



-a- it;

'.j~¶I~ CF2, '. y ASS ............... ~\*

0Z

. ...... .. ... .... ..

6w ..... ~ :.-.& ' - f

.....................................................

.............. O OLIAN RE
0M-

IsYORI

gF. .... ST..G

27'



S

S

S
8



TABLE 1
LAND USE INVENTORY

SQ.FEET LAND USE FOUND #STR STRUCT$ CONTENT$ DEPR$STR DEPRSCON DEPTH

274,000 1 0.5 266 11,694,500 5,847,300 9,387,100 4,693,500 7.5
448,000 1 0.5 448 17,838,900 8,919,500 13,264,800 6,632,400 10
206,000 1 1 206 8,202,700 4,101,400 6,099,500 3,049,700 3

2,442,500 1 1 1,779 83,694,800 41,847,400 61,740,000 30,870,000 7.5
272,200 1 1 275 10,835,900 5,417,900 8,085,300 4,042,600 10
681,250 1 1 670 28,077,500 14,038,700 21,489,000 10,744,500 12.5

82,800 1 1 69 3,311,100 1,655,600 2,465,700 1,232,900 15
353,400 1 1 310 19,940,100 9,970,100 17,091,500 8,545,800 .16

62,700 1 1.5 66 3,504,100 1,752,000 3,032,400 1,516,200 3
106,900 1 1.5 74 5,984,100 2,992,000 5,143,800 2,571,900 7

1,583,800 1 1.5 1,328 88,599,300 44,299,700 76,366,700 38,183,400 7.5
190,750 1 1.5 218 10,683,700 5,341,900 9,125,700 4,562,800 12.5
621,300 1 1.5 545 35,056,000 17,528,000 30,048,000 15,024,000 16

7,325,600 6,254 327,422,700 163,711,500 263,339,500 131,669,700

. 35,320 2 0.5 61 1,435,500 717,700 1,076,400 538,200 3
159,730 2 0.5 243 6,880,400 3,440,200 5,060,900 2,530,400 7.5

16,010 2 0.5 34 653,800 326,900 490,400 245,200 10
214,710 2 0.5 158 5,435,900 2,717,900 4,263,900 2,131,900 12.5
470,400 2 0.5 392 26,415,300 13,207,700 24,009,800 12,004,900 16

60,200 2 1 43 3,380,500 1,690,300 2,897,600 1,448,800 7.5
169,400 2 1 121 9,512,700 4,756,300 8,153,700 4,076,900 12.5

14,000 2 1 10 786,200 393,100 673,900 336,900 16
1,139,770 1,062 54,500,300 27,250,100 46,626,600 23,313,200

2,000 3 0.5 2 79,600 39,800 59,200 29,600 7.5
138,000 3 1 138 5,495,000 2,747,500 4,086,000 2,043,000 3

36,000 3 1 36 1,433,500 716,700 1,065,900 533,000 7.5
176,000 176 7,008,100 3,504,000 5,211,100 2,605,600

17,930 4 0.5 36 970,100 485,100 823,700 411,900 3
470,660 4 0.5 592 19,307,700 9,653,800 14,515,500 7,257,700 7.5
172,040 4 0.5 227 7,026,100 3,513,100 5,269,600 2,634,800 10
605,880 4 0.5 715 31,058,900 15,529,400 24,419,100 12,209,600 12.5
158,400 4 0.5 132 8,625,400 4,312,700 7,277,700 3,638,800 16

1,424,910 1,702 66,988,200 33,494,100 52,305,600 26,152,800

9



TABLE 1
(Continued)

145,950 5 0.5 16 6,559,600 7,023,800 4,596,400 4,920,300 3
321,180 5 0.5 21 15,579,000 17,065,300 11,263,500 12,570,400 7
943,200 5 0.5 113 40,066,900 43,743,700 28,125,000 30,815,700 7.5

94,550 5 0.5 19 1,809,900 2,506,000 1,179,500 1,637,700 10
961,400 5 0.5 84 29,375,700 32,167,900 20,267,700 22,174,800 12.5
177,050 5 0.5 16 5,557,200 5,990,100 3,952,800 4,302,900 15
57,550 5 0.5 10 1,597,400 1,787,000 103,300 1,131,800 16
53,550 5 2 50 1,464,400 0 1,464,400 0 12.5

2,754,430 329 102,010,100 110,283,800 70,952,600 774553,600

8,000 6 0.5 1 289,000 315,000 202,300 220,500 7.5
5,850 6 0.5 1 78,500 88,700 39,200 44,300 12.5

13,850 2 367,500 403,700 241,500 264,800

145,600 7 0.5 15 2,316,500 2,634,500 1,298,800 1,474,800 3
2,699,900 7 0.5 78 105,491,300 103,441,500 89,846,000 85,867,400 7

349,950 7 0.5 20 33,010,400 11,501,400 30,706,800 8,889,200 7.5
332,550 7 0.5 38 4,555,900 5,168,500 2,278,000 2,584,200 10a

2,703,030 7 0.5 126 60,280,500 68,734,300 40,310,500 46,002,200 12.5
1,089,000 7 0.5 50 24,812,400 27,730,200 18,437,000 20,705,100 15W

36,850 7 3 3 684,500 773,500 342,300 386,800 7.5
8,000 7 3 1 107,300 121,300 53,700 60,600 10

74,850 7 3 5 1,480,700 1,673,200 817,800 924,100 12.5
49,600 7 4 2 1,129,400 839,600 713,300 587,700 7.5

4,200 7 4 1 56,300 63,700 18,800 21,200 12.5
7,493,530 339 233,925,200 222,681,700 184,823,000 167,503,300

32,180 8 0.5 7 1,142,100 439,800 871,500 316,900 3
230,000 8 0.5 13 7,579,900 5,035,600 5,900,900 3,918,600 7
459,470 8 0.5 102 51,300,000 21,549,200 43,259,700 18,516,000 7.5

37,100 8 0.5 3 1,202,800 1,242,800 854,900 873,100 10
61,830 8 0.5 12 2,730,200 666,600 2,320,600 715,400 12.5
4,800 8 0.5 3 118,900 134,300 83,200 94,000 15

117,250 8 0.5 10 5,018,200 1,296,900 4,195,300 1,071,700 16
11,000 8 1 1 533,500 602,900 373,500 422,000 7.5

953,630 151 69,625,600 30,968,100 57,859,600 25,927,700

338,100 9 2 421 8,792,400 4,396,200 6,340,600 3,170,300 7.5
183,750 9 2 195 4,916,400 2,458,200 4,164,100 2,082,100 10

10



TABLE 1
* (Continued)

338,630 9 2 574 8,202,800 4,101,400 4,246,700 2,123,300 12.5
250,950 9 2 239 6,825,800 3,412,900 5,919,600 2,959,800 15

1,111,430 1,429 28,737,400 14,368,700 20,671,000 10,335,500

5,400 10 0.5 2 199,700 167,700 139,800 117,400 3
249,700 10 0.5 13 9,321,700 9,399,100 6,931,600 6,917,900 7.5

36,400 10 0.5 1 1,164,500 978,200 815,200 684,700 10
8,600 10 0.5 3 317,900 284,100 222,500 198,900 12.5

300,100 19 11,003,800 10,829,100 8,109,100 7,918,900

416,800 11 0.5 5 10,323,300 11,665,300 7,226,300 8,165,700 7
583,200 11 0.5 4 14,444,700 16,322,500 10,111,300 11,425,800 12.5
213,300 11 0.5 2 5,283,000 5,969,800 3,698,100 4,178,900 15
217,600 11 3 1 5,614,100 6,343,900 3,929,900 4,440,700 12.5

1,430,900 12 35,665,100 40,301,500 24,965,600 28,211,100

. 68,400 12 0.5 51 628,500 710,200 314,300 355,100 7.5
36,330 12 0.5 35 333,800 377,200 166,900 188,600 12.5

222,300 12 0.5 196 2,042,700 2,308,300 1,021,400 1,117,700 16
327,030 282 3,005,000 3,395,700 1,502,600 1,661,400

6,000 13 0.5 1 291,000 328,900 203,700 230,200 7.5
6,000 1 291,000 328,900 203,700 230,200

11



TABLE I
(CONTINUED)

LAND USE DESIGNATIONS

1. SINGLE FAMILY RESIDENTIAL (1-STORY)
2. MULTIPLE FAMILY RESIDENTIAL (1-STORY) DUPLEXES/ APARTMENT
3. MULTIPLE FAMILY RESIDENTIAL (2-STORY) 2 UNITS/ STRUCTURE
4. MULTIPLE FAMILY RESIDENTIAL (2-STORY) APARTMENTS
5. COMMERCIAL (1-STORY)
6. COMMERCIAL (2-STORY)
7. INDUSTRIAL
8. PUBLIC (1-STORY)
9. MOBILE HOMES

10. COMMERCIAL (FOOD RELATED)
11. INDUSTRIAL (FOOD RELATED)
12. SHEDS
13. PUBLIC (2-STORY)

12



. made which cost at least 50 percent of the estimated current
market value of the structures before the improvements are
undertaken. Discussion with a FEMA official indicates that this
regulation will be enforced by their agency and homes along the
Russian River in Sonoma County, California were cited as an
example.

The inventory shown in Table 1 is a compilation of all the
structures in the flood plain and includes those affected by the
50 percent requirement. Table 2 is a summary of the information
presented in Table 1 but also has additional columns for
comparison purposes to show how many structures are affected by
FEMA's requirement and their value. The number of impacted
structures depends upon the depth of flooding, the depth-damage
relationship for that land use, and the current market value.
Unlike some of the other land use categories (e.g. industrial),
the depreciated values for residential structures do not reflect
current market values. A residential property appraiser
indicated that the buyers feel that they are under pressure to
buy homes now because they fear that they will be priced out of
the housing market if they wait. This is the reason why very few
of the residential structures are affected by FEMA's requirement
(see Table 2) even when the depths of flooding are 15'-16'. The
depth-damage relationships which were an important factor in
evaluating the impact of this requirement will be addressed later
in the Flood Damages section.

The damageable property in the flood plain is worth. approximately $1.2 billion. This excludes lands, roads,
utilities, and bridges. Figure 4 indicates what each land use
category contributes in terms of percentage to the overall
value. This figure indicates that single family residential
(31.9%) and industrial (32.7%) are the largest land use
categories. The commercial and industrial values reflect not
only the structure value but also includes the inventory on hand
and the values of the fixtures and equipment.

2.Flood DamaQe

Once the inventory was completed (Table 1) and depths of
flooding and values of damageable property were computed, the
next step was to determine the amount of flood damages associated
with each land use category.

The principal types of flood damages considered in this
analysis are those physical damages that are caused by
inundation. Physical damages include damages to, or loss of,
buildings and their contents, which include furnishings,
equipment and fixtures, raw materials, goods in process, and
finished products awaiting distribution. Other physical losses
considered are damages to lot improvements, such as clean up, as
well as damages to roads, bridges, and utilities.

Physical losses incurred within the defined study flood
plain were estimated for the following land use categories:
residential, including single family, multiple and mobile homes;
commercial; industrial; public and semi-public; and
agricultural. Monetary losses relating to residential include
damages to structures, contents and yard areas. Commercial andO industrial losses include damage to structures, inventories,

13
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TABLE 2
DEPRECIATED VALUE OF DAMAGEABLE PROPERTY

1990 CONDITIONS
OCTOBER 1991 PRICE LEVELS (THOUSANDS)

PORTION PORTION
I VALUE OF AFFECTED BY NUMBER AFFECTED BY

LAND USEj PROPERTY IFEMA 50% IIOF UNITS IFEMA 50% jj

SINGLE FAM. RES. STR. $263,340 $0 6,254 0
SINGLE FAM. RES. CONT. 131,670 0
MULTI-FAMILY RES. STR. 104,143 9,704 2,940 14
MULTI-FAMILY RES. CONT. 52,072 4,852 "

MOBILE HOMES STR. 20,671 17,613 1,429 758
MOBILE HOMES CONT. 10,336 8,807 " "
COMMERCIAL 165,041 54,749 350 163
INDUSTRIAL 405,503 151,619 351 181
PUBLIC 84,221 6,350 152 13
FARM BUILDINGS 3,164 0 282 0

TOTAL: $1,240,161 $253,694 11,758 1,259

14
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O fixtures and equipment, and parking areas. Public facilities
losses include damages to public buildings (structure and
content) as well as damages to roads, bridges, railroads,
municipal water systems, and utilities. Damages to semi-public
property include structure, content, and lot damage to churches
and recreation clubs. Agricultural damages, the remaining
category, include damages to farm buildings (barns, sheds) as
well as crop and non-crop losses.

Additional costs are incurred during flood emergencies for
evacuation and reoccupation, flood fighting, disaster relief, and
extra duty for police, fire and military units. These costs are
called emergency costs in our analysis. Intangible damages, such
as loss of life, impairment of health and living conditions, and
other conditions that cannot be evaluated in monetary terms, have
not been included in the damage analysis.

The data collected in Table 1 was converted into damages
through the use of depth-damage relationships. These
relationships describe the probable damages that would occur
under different depths of flooding as a percentage of the total
value of damageable property (see Table 3). The depths of
flooding are shown in Figure 2 and are essentially the same for
the 100, 200, and 400 year events. The depth-damage curves used
in this analysis were based primarily upon the 1988 FEMA curves
and curves from a Tennessee Valley Authority (TVA) study prepared
for the Department of Housing and Urban Development in December
1969.

These established curves were used because they are based
upon a large number of flood damage claims (FEMA) and surveyed
establishments. TVA surveyed 300 commercial establishments for
their study. The methodology used in this study was to take the
interviews and flood damage survey data from District studies, a
much smaller sample, and validate or invalidate the use of the
established curves.

The 1988 FEMA curves were used for residential properties in
the flood plain. These national depth-damage relationships were
determined to be appropriate for use in the study area based upon
information gathered on another District study (Dry Creek,
California) within close proximity of the City of West
Sacramento. The residential structures in both areas are
comparable in terms of the type of construction. The Dry Creek
area experienced a flood in 1986, and a residential damage survey
was done following that event. Flood damage information had been
collected in a detailed manner, and the address of each house
affected by the flood was noted on the survey sheet. This
information was then combined with other data developed in
conjunction with the District's Dry Creek study including
property values, flood plains, depths of flooding and the
frequency of the 1986 event to determine the actual depth versus
percent damage relationships. These were then compared to the
1970 Federal Insurance Administration and 1988 FEMA curves. The
comparison indicated that the 1988 FEMA residential curves
appeared to be more appropriate for use in this study. The
curves in this study were not only adjusted for variations in
foundation elevations but also for the number of stories (one vs.
two-story).

17
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A comparison of various established depth-damage
relationships for commercial and industrial properties also was
undertaken to determine which would be the most appropriate
curves for use in the study area. The 1988 FEMA curves and the
1969 TVA study curves were evaluated based upon information
gathered for the District's Morrison Creek, California study.
The structures in both the West Sacramento and Morrison Creek
areas are comparable in the type of construction and the use and
are located within close proximity of each other. Much of West
Sacramento's commercial/industrial development in terms of value
of damageable property is in older and newer warehousing so a
large number of depth-damage relationships for structures would
be inappropriate.

The types of contents inside the commercial and industrial
properties required some initial screening before the comparison
of depth-damage relationships took place. Food-related
structures were identified during the field inventory and
separated from the remaining ones. Information on them is shown
in Table 1, and a different depth-damage curve was used than
those shown in Table 3 because damages are 100 percent once water
gets inside the structures irregardless of the depth. The health
department would not allow the sales of these products for health
and sanitary reasons.

The remaining structures were evaluated based upon
interviews with individuals familiar with the contents of
commercial/industrial warehousing and then compared to the 1988
FEMA and the 1969 TVA curves. The TVA study essentially says
that their survey showed that businesses could be categorized
into two groups and that their depth-damage curves are S or
U-shaped once all the points are plotted. The Morrison Creek
study area had many warehouses that actually had several
different types of occupants because of the partitioned spaces
within the building. Because of this variance in occupants, the
information from the interviews was averaged to get a composite
curve and then compared to a composite curve developed by
averaging the S and U-shaped curve. The similarities between the
two are shown below and are close enough to validate the use of
the TVA study.

DEPTHS OF FLOODING MORRISON CREEK STUDY TVA STUDY

3' 53.2% 59.0%
7.5' 77.3% 82.5%
10' 82.8% 82.5%

12.5' 89.6% 86.8%
15' 94.6% 91.2%

The commercial and industrial structures in the West
Sacramento area fall primarily in the S-shaped category so that
curve was used. It should be noted however that there is only a
small difference between the S and U-shaped curves (about 5%)
when considering the extremely deep depths of flooding in the
study area. As in the case of residential properties the curves. were adjusted for foundation elevations.
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Some land use categories (e.g. emergency costs) do not have
depth-damage curves. These costs were based upon the amount of
people affected by the flood, the duration of flooding which is
about 5 days, and the estimated amount of time it would take
before reentry into the home was possible. Traffic disruption,
another category unaffected by depth-damage relationships, was
considered on Interstate 80 which has an average daily traffic of
97,000.

Average annual damages are the expected value of damages for
a given economic condition and point in time. They are
determined by weighing the estimated damages from varying degrees
of flooding by their probability of occurrence and may be
approximated by measuring the area under the damage-frequency
curve using standard mathematical integration procedures. A
damages computer program originally created by the Los Angeles
District was used to compute the damages and benefits. This
economic model has been tested against manual calculations on
various projects in the past to verify its accuracy. Table 4
shows estimated damages by probability of occurrence for existing
conditions. Figure 5 is a graphic presentation of the
information.

Probable average annual damages without the proposed project
were estimated for the study year (1990) and the year in which
growth will no longer continue to occur (1992). The latter
damage figure has been held constant to the year 2098. Since it
remains constant, the average annual equivalent damages are also
the same and are unaffected by a change in interest rates (see
Table 5). The average annual damages are based upon the
assumption that the study area will rebuild before the next flood
event occurs. Information was gathered on the 1986 flood in the
Linda/Olivehurst area in California because depths of flooding
had been very deep (8'-10 in some areas) and are somewhat
comparable to the anticipated depths of flooding in West
Sacramento. The recovery of the flooded area was used to
validate the rebuilding assumption used in this analysis.

The increase in damages between 1990 and 1992 shown in Table
5 reflects the conversion of some vacant flood plain acres to
urban uses. Approximately 71 acres are involved (76% are
residential). The residential development is occurring primarily
in the Lighthouse Marina Project area (see Figure 8), which is
currently under construction. Anticipated future growth in the
area will be addressed in more detail in the With Project
Conditions section.

With Project Conditions

Urban development is anticipated to occur under with project
conditions. The amount of anticipated growth is based upon
population projections, employment projections, and the
availability of land in West Sacramento. The 1985 OBERS BEA
Regional Projections for Sacramento (see Table 6), which includes
Sacramento, Yolo, Placer, and El Dorado Counties, were compared
with local population projections made by the State of California
Department of Finance for Yolo County (December 1986 publication)
and for the same four counties used in the OBERS projections.
The 1990-2020 time period was used for comparison purposes 5
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Table 4
WITHOUT PROJECT CONDITIONS (1990)
FLOOD DAMAGES FOR SELECTED EVENTS

OCTOBER 1991 PRICE LEVELS (THOUSANDS)

PORTIONS PORTIONS
70 AFFECTED BY 71-1000 AFFECTED BY

YEAR FEMA 50% YEAR FEMA 50%
------------------- ----I----- ---I-------- ---I------ --I---------I
SINGLE RESID. STR. 0 0 113,660 0
SINGLE RESID. CONT. 0 0 67,037 0.MULTIPLE RESID. STR. 0 0 40,801 4,852
MULTIPLE RESID. CONT 0 0 28,224 2,906
MOBILE HOME STR. 0 0 18,444 15,854
MOBILE HOME CONT. 0 0 8,226 7,085
COMMERCIAL 0 0 102,125 38,319
INDUSTRIAL 0 0 254,097 111,835
PUBLIC 0 0 47,342 2,837
EMERGENCY COSTS 0 0 10,703 905
AGRICULTURAL 0 0 2,938 0

$0 $0 $693,597 $184,593
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TABLE 5
WITHOUT PROJECT CONDITIONS (1990)

AVERAGE ANNUAL DAMAGES

OCTOBER 1991 PRICE LEVELS (THOUSANDS)

PORTIONS PORTIONS AVERAGE PORTIONS

AFFECTED BY AFFECTED BY ANNUAL AFFECTED

1990 IFEMA 50% 111992-2096IFEMA 50% IIEQUIV. 8-3/4% FEMA 50%
----------------------------- ---------. ----------- 11 --------- .----------- II ------------------
SINGLE FAMILY RES. STR. 1,624 0 11 1,675 18 1I 1,675 18
SINGLE FAMILY RES. CONT.I 958 0 II 988 11 II 988 1 11

*MULTI-FAMILY RES. STR. 583 1 69 11 611 69 JJ 611 69

MULTI-FAMILY RES. CONT. 402 42 JI 428 42 Il 428 42
MOBILE HOME STR. 263 226 263 226 II 263 226

MOBILE HOME CONT. 117 101 117 101 117 101
COMMERCIAL 1,459 547 II 1,459 547 II 1,459 547

INDUSTRIAL 3,631 1,598 II 3,692 1,659 3,692 1,659

PUBLIC 639 4111 639 4111 639 41

EMERGENCY COSTS 152 13 157 14 II 157 14

AGRICULTURAL 42 0II 42 0II 42 0

$9,870 $2,637 $10,071 $2,728 $10,071 $2,728
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TABLE 6
Sacramento, CA (MSA)

-Population, Personal Income, and Earnings, 1969-1983, and Projected, 1990-2035

i 19 1 973, 1978 1983 1990 1 1995 r 0 200S I 2015 2025

Popula•ais•oJ tosd ...................... . .... I..... . W 905.8 1,040.7 1,1972 1.392.71 , 151 107.8 I.6, .7 1. .

Millions of 1972 dollars
!i

Total personal Income (place of rei3c). ., ... .. ,,,,...,.. ,41.3 4,447.2 5,838.71 65 0 8.862.9 10,378.5 11,682.4 12,838&3 14,881.1 18,59.5

Tow t3rrmps 7M.1 314705 4,,289,7 ,,39.1 812.6 7,036A 7,935,5 8,719.9 9.962.6 12.147.1
8.1 140. 1005 4.8 81.A 844 1187.0 89.2 952 111.3

Non2arm 2,811.8 3,333.5 4,189.2 4338.2 5944.6 951.7 7,848.5 8,63.7 9.867.4 1203&8
Fiale._ 1,62.8 1,909. 2.569.7 2,761.5 A,005.0 4,7829 5,460.5 6,031.7 6,927.8 ,501.2

A r srces, forestry.• hee and otMer..,....) ( 24.8 20.86 31.0 36.5 41.3 46.2 53.1 84.s
Wing (0) (C) 4.6 10.0 16.8 20.9 24.4 27.5 31.9 40.1

Coancto.. .. . , .. . , . 184.5 235.2 341.0 245.5! 419.8 5064 587.0 857.2 7640 97te
MnFlactwln 289.6 272.0 326.1 339.9 1 466.3 538.0 602.1 661.5 M7621 936.2

o goods - ... 120.1 136.2 (C) 1 4 1 180.9 197.6 212.9 226.3 251.7 298.3
Ourasle goods. . 169.5 135.8 ( 194.3 285.3 340.5 389.1 435.2 510.3 637.9

Tranaportabsot and public tt•Ue 191.9 229.7 292.5 335.6 473.1 560.3 640.2 711.3 819.5 9991'
Wholesale rede. 112.6 (a) 194.8 219.0 3155 389.0 41&1 464.5 535.4 850.6
Ratw tad 332.2 394.6 495.5 521.01 679.6 790.6 889.5 967.1 1,08U7 1_n4.5

,narice. kumurane, and real estate 116.2 131.8 216.0 223.3 378.1 474.5 552.8 613.0 704.4 85.8
Seroes_ 383.2 473.9 674.4 843.7 1 1.224.9 1,486.6 1,. 1.883.4 2,174.8 2,6`.,0

G M and govnmervt enterpriss "1,183.0 1.423.6. 1,819.5 1,576.7& 139.6 7168.A 388.0 2,599.0 2.939.6 3-34.5

Federal. ctvite 321.5 336.6 327.5 330.3 1 380.2 410.51 441.1 472Z1 523.5 621.7
Federal, - ty. 94.6 116.3 84.7 103.1 114.0 120.0 126.0 132.2 - 146.6 1786
state and local 766.9 970.9 1,07.3 1,143.4 1 1.445,3 1,638.3 120.9 1,994.6 2,269.6 2.733a

-Employment by Place of Work, by Industry, 1969-1983, and Projected, 1990-2035

(Thousends of jobs)

IM-__ __ _ _ _ __ _ _ _ ISM'193 1978 1983 IJ 9 19) W i2000 2M 201

TOta employmenat 330.4 372.1 463. 524.91 U6.464 718.5 773.6 811.9 8458j UFm_ 10.6 11.8 11.5 10.3 1 10.8 105 102
Nonfarm 319.9 30.3 45,-0 514.61 65.4 707.6 7627 801.1 83S.1 843.3

193.3 224.9 298.1 30.2 I 44. 511.9 59.3 591.7 22.6 834.6
ArAin l su iea, forestory, fbs ntes, and &o 5U1 7.4 . 9.2 9.8 10.3 10.3

1 1.2 .5.4 1.5 1*6 1,7 1.7

Cons•tction 18.0 27.8 24.2 362 j 412 45.5 4A90 524 55.0
M -writ 25.6 25.2 29.2 30M71 36`0 3&5 40.4 41.8 42.8 A,77

Nondable goods 12.2 13.1 (C) 14.0 15.3 15.7 16.0 16.1 16.0 14
Owsbe goods 1... 12.1 (C) 16.6 1 20.7 22.8 24A 25.7 28 27.3

Transportabt and public utifities 18.1 14.6 21.7 24.11 29.3 32.6 35.3 37.4 39.1 39.5
Whosesale trade 11.1 () 17.8 21.71 27.7 30.7 33.3 35.5 37.7 33.9
RWe trade 51.6 61.8 81.8 93.41 122.0 139.4 129 16Z3 171.4 176.6
Fnance Instrance, and re etat•, ,.. . 13.2 16.0 24.0 30.61 42.8 50.0 55.1 58.3 61.1 61.7
Serices 54 67-.5 S 90.4 111.9 I 14689 169.6 18&0 19.1 2M2 2.3

Government and government Mmtewses 126,6 135.4 154.0 171.4 I186.0 195.7 203.5 209.4 212-5 208.8
Federal, . 31.8 26.3 26.8 28.01 28.5 29.0 29.4 29.7 29.6 28.6
Federa, mt 13 12 10.5 13,6 I 13.6 13 I 13.6 13.6 13.6 13.6
State and local 1 79 91.9 116.6 129.8 I 113.1 153.2 160. 168.1 169.3 186.6

See footnotes at end of tables.
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because the Department of Finance projections terminated in
2020. The growth rates were applied to West Sacramento's
population and are presented graphically in Figure 6. The
historical population growth is also presented on the same graph
for comparison purposes. Although the OBERS and the Department
of Finance four county projection show a significant difference
in growth rates (0.9% OBERS vs. 1.5% DOF), the DOF projection for
Yolo County is actually much closer to the OBERS rate (0.9% vs.
1.0%). Since the California DOF projections are more recent and
more localized in nature, they are being used in this analysis.
The historical population growth and the projected growth using
DOF data are presented in Table 7. The population is shown for
1992 because it is a key year for the without and with project
conditions. The population beyond 1992 would remain stable under
the without project condition. Projections beyond the year 2020
for the with project condition (see Table 7) were made by the
Corps of Engineers.

Employment projections were also made for West Sacramento
based upon several variables: (1) the relationship between
population and employment in the OBERS projections (Table 6), (2)
the DOF population projections for Yolo County, and (3) the
consideration of projects already under construction or projects
that will be completed in the near future (e.g. Lighthouse Marina
Project, Raley's Landing and the relocation of Sacramento's main
post office). The employment projections are presented by
category in Table 8.

The availability of land was also considered and the city of
West Sacramento General Plan (1990) was used as a guide to
determine where the projected growth might occur. Under with
project conditions, it was assumed that in 1992, the city would
be able to satisfy FEMA's requirement that adequate progress was
being made toward project construction, and that the zone A-99
designations would be extended to 1998 (project base year).
Growth occurs in three ways:

(1) outside the flood plain
(2) inside the flood plain on acres that are already in

urban uses (redevelopment) and
(3) inside the flood plain on acres that are currently

vacant or in an agricultural use.

Table 9 shows the amount of acres by land use in categories 2
and 3 (flood plain acres). Figure 7 shows both the existing
development and the acres in category 3 (currently vacant or in
an agricultural use). The acres in category 2 are in areas
planned for redevelopment and include: (1) Lighthouse Marina
(2) Broderick-Reuse area and the (3) Central Business District.
These sub-areas are displayed in Figure 8 and are located north
of the Sacramento River Deep Water Ship Channel.

Several local realtors have indicated that development of the
southern part of West Sacramento is constrained because of
transportation access problems. Apparently several new bridges
would be needed to adequately handle the projected traffic
volumes associated with the growth envisioned in the General
Plan. The bridges and their locations were identified in the
final EIR for the City of West Sacramento General Plan (April 2, 5
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TABLE 7
WEST SACRAMENTO

POPULATION

WITHOUT PROJECT WITH PROJECT
YEAR POPULATION POPULATION

1950 11,910 N/A
1960 25,030 N/A
1970 27,390 N/A
1980 24,520 N/A
1985 26,330 N/A
1988 27,540 N/A
1989 27,530 N/A
1990 27,350 N/A
1992 28,120 28,120
1998 28,120 30,270
2008 28,120 33,370
2018 28,120 36,510
2028 28,120 39,990
2038 28,120 43,780
2048 28,120 47,930

0
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TABLE 8
WEST SACRAMENTO

EMPLOYMENT PROJECTIONS

1990 1992 1998 2008 2018 2028 2038 2048

COMMERCIAL 6,300 8,500 10,920 11,880 12,260 12,560 12,880 13,260

INDUSTRIAL 4,600 4,800 5,120 5,700 6,220 6,820 7,440 8,160

PUBLIC 2,100 2,100 4,260 4,900 4,900 4,900 4,900 4,900

S
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0 TABLE 9
FUTURE GROWTH IN FLOOD PLAIN

IN ACRES

LAND USE 1992 1998 2008 2018 2028 2038 2048 TOTAL

RESIDENTIAL

REDEVELOPED 4.8 0 7.7 31.0 1.4 5.8 0 50.7

VACANT 53.6 35.2 56.4 151.2 194.0 207.9 223.1 921.4

COMMERCIAL

. REDEVELOPED 0 0 0.2 1.0 0 0 0.1 1.3

VACANT 0 0 0 3.7 16.0 8.9 15.8 44.4

INDUSTRIAL

REDEVELOPED 0 0 0 0 0 0 0 0

VACANT 17.2 49.8 79.0 82.5 70.4 55.5 60.8 415.2

PUBLIC

REDEVELOPED 0 0 0 0 0 0 0 0

VACANT 0 82.1 4.6 0 0 0 0 86.7
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.1990). The combination of crossings to serve the projected
traffic volumes include crossings at Jefferson, Industrial
Enterprise, South River Road and Sutterville Road. Local
planning officials were contacted to discuss the time sequence
and areas in which growth would occur, and it was assumed that
any bridge or roads necessary to accommodate the new development
would be built when the need arises.

1. Benefit Evaluation

Benefits that accrue from the evaluation of flood control
projects include inundation reduction benefits, location
benefits, employment benefits, intensification benefits, flood
insurance program benefits and savings in flood proofing costs.

Inundation reduction benefits were estimated by evaluating
damages with and without a project. Various levels of protection
were considered for the existing structures and those structures
that would be built prior to 1992. The inundation reduction
benefits with and without freeboard (design) are presented in
Table 10. They are divided into two categories: (1) those that
are not affected by FEMA's 50 percent requirement and (2) those*
that are affected. The latter category was handled separately
because the benefits can be either the cost of relocation or the
actual damages that would be sustained if the structures remained
in the flood plain. The lesser of the two is the inundation
reduction benefit. A cursory analysis showed that the annualized
depreciated structure value alone (excluding land and other
relocation expenses) exceeded the actual damages that would occur
by a wide margin.

In accordance with the planning guidance for determining
flood damage prevention benefits in the freeboard range, benefits
can be claimed for one-half of the area under the frequency-
damage curve between the design level of protection and the
largest flood that might be carried within the freeboard. Due to
hydraulic assumptions upstream of the study area, no appreciable
flow enters the Yolo Bypass beyond the 400-year flood event.
Therefore, the 400-year flood would essentially be the maximum
event possible in the study area. To derive additional benefits
from the freeboard, benefits for each design (100-, 200-, and
400-year) were averaged with the benefits for the largest flood
that can be carried within the freeboard (400-year). Equivalent
average annual benefits that include benefits in the freeboard
range are $5.7, $7.4, $8.3 million for the 100-, 200- and
400-year alternatives. Inundation reduction benefits by land use
category for the selected plan (400-year) are shown in Table 11.
Additional information on the engineering aspects of freeboard is
provided in Appendix D, Section 5.

Location benefits were also considered in the study area
because the extremely deep depths of flooding made it impractical
to assume standard floodproofing practices such as the use of
fill. There is not any directly comparable flood-free land
outside the immediate study area when considering some of the
current infrastructural advantages of West Sacramento including
freeways such as Interstate 80, railroads such as the Southern
Pacific Railroad, and waterways such as the Sacramento River Deep. Water Ship Channel which allows access to the Port of
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TABLE 10AVERAGE ANNUAL EQUIVALENT DAMAGES AND BENEFITS
OCT. 1991 PRICE LEVELS - 8 3/4% INTEREST RATE

DAMAGES BENEFITS

WITHOUT PROJECT (1] 7,344,000 N/A

DESIGN
WITH PROJECT (100YR) 5,138,000 2,206,000
WITH PROJECT (200YR) 2,568,000 4,776,000
WITH PROJECT (400YR) 1,285,000 6,059,000

WITH FREEBOARD
WITH PROJECT (100YR) 1,285,000 6,059,000
WITH PROJECT (200YR) 1,285,000 6,059,000
WITH PROJECT (400YR) 1,285,000 6,059,000

WITHOUT PROJECT [2] 2,728,000 N/A

DESIGN
WITH PROJECT (100YR) 1,909,000 819,000
WITH PROJECT (200YR) 954,000 1,774,000
WITH PROJECT (400YR) 477,000 2,251,000

WITH FREEBOARD
WITH PROJECT (100YR) 477,000 2,251,000
WITH PROJECT (200YR) 477,000 2,251,000

WITH PROJECT (400YR) 477,000 2,251,000

LOCATION [3] N/A N/A

WITH PROJECT (100YR) N/A 1,412,000
WITH PROJECT (200YR) N/A 1,412,000
WITH PROJECT (400YR) N/A 1,412,000

[1] Excludes structures affected by FEMA'S 50 percent
requirement.
£2] Structures affected by FEMA'S 50 percent requirement.
Relocation of these structures was considered as a way to
quantify the benefits attributable to the project because the
depths of flooding are too deep. The depreciated value for the
structures is approximately $125 million ($11 million at 8 3/4%)
which exceeds the damages that would actually occur. The
limitation on the amount of benefits being claimed is there-
fore the actual damages that would occur'if the structures remain
in the flood plain.
[3] The limit on the amount of location benefits is the expected
damages that the new activity would have for without project
conditions. The benefits claimed for all of the levels of
protection met this criteria.
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TABLE 11
INUNDATION REDUCTION BENEFITS

BY LAND USE CATEGORY (SELECTED PLAN)
($1,000)

WITHOUT PROJECT WITH PROJECT
LAND USE CATEGORY DAMAGES DAMAGES BENEFITS

RESIDENTIAL 4,084 714 3,370

COMMERCIAL 1,459 255 1,204

INDUSTRIAL 3,691 646 3,045

PUBLIC & SEMI-PUBLIC 582 102 480

AUTOS- TRAFFIC DISRUPTION 57 10 47

EMERGENCY COSTS 157 28 129

AGRICULTURAL 42 7 35

3TOTAL 10,072 1,762
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Sacramento. There is a current problem with access in terms of
bridges but that has already been discussed in the section
entitled, "With Project Conditions."

Location benefits occur when a reduction in the level of
flood risk makes it profitable for new activities to locate in
the flood plain. In this study area, it has been assumed that
growth after 1992 will only occur with a project in place, so all
vacant acres upon which this growth is projected to occur are
acres with a locational advantage. Location benefits were
calculated for the vacant acres displayed in Table 9 (and shown
graphically in Figure 7) using the change in market value
approach.

It was assumed that raw land (unimproved land) would be
converted to the higher valued improved land under with project
conditions and under the without project condition would remain
agricultural crop land (valued at $5,000 per acre). The values
assigned to lands and development costs are based upon phone
interviews with private developers in West Sacramento, City of
West Sacramento planning personnel, Taxation Consultants working
for the City of West Sacramento, Coldwell Banker Realtors, Yolo
County Assessors, and Sacramento District Corps of Engineers
Appraisers.

Table 12 shows the computations by year and land use
category. The total acres for Year 1 relates to the growth that
is projected to occur between 1992 and 1993. The acres in this
table are based upon the projected growth shown in Table 9. The
total benefit amounted to approximately $36 million, however, an. adjustment had to be made to account for the residual damages
that would now be incurred by the new structures. After the
adjustment was made the benefits were the following for the
various levels of protection:

100 year - $35,660,000
200 year - $35,828,000
400 year - $35,911,000

The limit on the amount of location benefits is the expected
damages that the new structures would have for without project
conditions. This has been calculated to be $1,412,000 which is
lower than the numbers shown above for all of the levels of
protection so the actual damages are now the benefit (see Table
10). Table 13 shows not only the breakdown of this number by
land use category but also the average annual damages over time.
This table is based upon the growth information presented in
Table 9.

Projects that provide land enhancement benefits of
unconscionable magnitude to a few beneficiaries are subject to
special cost sharing. This category of benefits are known as
windfall benefits. Location benefits are claimed on
approximately 1,400 acres, and 83% of this acreage is owned by 16
landowners. However, these landowners are not the only
beneficiaries of the proposed flood control project. There are
approximately 12,000 acres within the study area with a. population of about 28,000. There are currently over 10,600
residential structures valued at over $580 million. Even though
there are 16 landowners who may at some future time benefit
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TABLE 12

SACRAMENTO METRO STUDY

WEST SACRAMENTO LOCATION BENEFITS (COMMERCIAL-INDUSTRIAL-PUBLIC)

VALUE VALUE DEVELOP. NET PRESENT WORTH

PER ACRE PER ACRE COSTS DIFFERENCE TOTAL TOTAL FACTOR AMOUNT

YEAR W/PROJ. W/O PROJ. PER ACRE IN VALUE ACRES VALUE 8-3/4% ($)

1 207,000 5,000 40,000 162,000 28.8 $4,665,600 0.9196 $4,290,486

2 207,000 5,000 40,000 162,000 57.6 $9,331,200 0.8456 $7,890,463

3 207,000 5,000 40,000 162,000 86.5 $14,013,000 0.7776 $10,896,509

4 207,000 5,000 40,000 162,000 115.3 $18,678,600 0.7150 $13,355,199

5 207,000 5,000 40,000 162,000 123.6 $20,023,200 0.6575 $13,165,254

6 207,000 5,000 40,000 162,000 132.0 $21,384,000 0.6046 $12,928,766

7 207,000 5,000 40,000 162,000 140.3 $22,728,600 0.5559 $12,634,829

8 207,000 5,000 40,000 162,000 148.6 $24,073,200 0.5112 $12,306,220

9 207,000 5,000 40,000 162,000 157.0 $25,434,000 0.4701 $11,956,523

10 207,000 5,000 40,000 162,000 165.3 $26,778,600 0.4323 $11,576,389

11 207,000 5,000 40,000 162,000 173.6 $28,123,200 0.3975 $11,178,972
12 207,000 5,000 40,000 162,000 181.9 $29,467,800 0.3655 $10,770,481

13 207,000 5,000 40,000 162,000 190.3 $30,828,600 0.3361 $10,361,4•

14 207,000 5,000 40,000 162,000 198.6 $32,173,200 0.3091 $9,944,

15 207,000 5,000 40,000 162,000 207.0 $33,534,000 0.2842 $9,530,3

16 207,000 5,000 40,000 162,000 215.5 $34,911,000 0.2613 $9,122,244

17 207,000 5,000 40,000 162,000 224.0 $36,288,000 0.2403 $8,720,006

18 207,000 5,000 40,000 162,000 232.4 $37,648,800 0.2210 $8,320,385

19 207,000 5,000 40,000 162,000 240.8 $39,009,600 0.2032 $7,926,751

20 207,000 5,000 40,000 162,000 249.3 $40,386,600 0.1869 $7,548,256

21 207,000 5,000 40,000 162,000 257.8 $41,763,600 0.1718 $7,174,986

22 207,000 5,000 40,000 162,000 266.2 $43,124,400 0.1580 $6,813,655

23 207,000 5,000 40,000 162,000 274.6 $44,485,200 0.1453 $6,463,700

24 207,000 5,000 40,000 162,000 283.1 $45,862,200 0.1336 $6,127,190

25 207,000 5,000 40,000 162,000 292.4 $47,368,800 0.1229 $5,821,626

26 207,000 5,000 40,000 162,000 301.6 $48,859,200 0.1130 $5,521,090

27 207,000 5,000 40,000 162,000 310.9 $50,365,800 0.1039 $5,233,007

28 207,000 5,000 40,000 162,000 320.2 $51,872,400 0.0955 $4,953,814

29 207,000 5,000 40,000 162,000 329.4 $53,362,800 0.0879 $4,690,590

30 207,000 5,000 40,000 162,000 338.7 $54,869,400 0.0808 $4,433,448

31 207,000 5,000 40,000 162,000 348.0 $56,376,000 0.0743 $4,188,737

32 207,000 5,000 40,000 162,000 357.3 $57,882,600 0.0683 $3,953,382

33 207,000 5,000 40,000 162,000 366.5 $59,373,000 0.0628 $3,728,624

34 207,000 5,000 40,000 162,000 375.8 $60,879,600 0.0578 $3,518,841

35 207,000 5,000 40,000 162,000 381.9 $61,867,800 0.0531 $3,285,180
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. 36 207,000 5,000 40,000 162,000 388.1 $62,872,200 0.0489 $3,074,451
37 207,000 5,000 40,000 162,000 394.2 $63,860,400 0.0449 $2,867,332
38 207,000 5,000 40,000 162,000 400.4 $64,864,800 0.0413 $2,678,916

39 207,000 5,000 40,000 162,000 406.5 $65,853,000 0.0380 $2,502,414
40 207,000 5,000 40,000 162,000 412.6 $66,841,200 0.0350 $2,339,442
41 207,000 5,000 40,000 162,000 418.8 $67,845,600 0.0321 $2,177,844
42 207,000 5,000 40,000 162,000 424.9 $68,833,800 0.0296 $2,037,480
43 207,000 5,000 40,000 162,000 431.1 $69,838,200 0.0272 $1,899,599
44 207,000 5,000 40,000 162,000 437.2 $70,826,400 0.0250 $1,770,660
45 207,000 5,000 40,000 162,000 444.8 $72,057,600 0.0230 $1,657,325
46 207,000 5,000 40,000 162,000 452.4 $73,288,800 0.0211 $1,546,394

47 207,000 5,000 40,000 162,000 460.0 $74,520,000 0.0195 $1,453,140
48 207,000 5,000 40,000 162,000 467.6 $75,751,200 0.0179 $1,355,946
49 207,000 5,000 40,000 162,000 475.2 $76,982,400 0.0165 $1,270,210
50 207,000 5,000 40,000 162,000 482.9 $78,229,800 0.0151 $1,181,270
51 207,000 5,000 40,000 162,000 490.5 $79,461,000 0.0139 $1,104,508
52 207,000 5,000 40,000 162,000 498.1 $80,692,200 0.0128 $1,032,860
53 207,000 5,000 40,000 162,000 505.7 $81,923,400 0.0118 $966,696
54 207,000 5,000 40,000 162,000 513.3 $83,154,600 0.0108 $898,070
55 207,000 5,000 40,000 162,000 521.1 $84,418,200 0.0100 $844,182
56 207,000 5,000 40,000 162,000 529.1 $85,714,200 0.0092 $788,571

57-100 207,000 5,000 40,000 162,000 529.1 $85,714,200 0.1039 $8,905,705

TOTAL PRESENT WORTH $324,685,207

ANNUAL EQUIVALENT LOCATION BENEFITS $28,416,449
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TABLE 12 (CON'T)
SACRAMENTO METRO STUDY

WEST SACRAMENTO LOCATION BENEFITS (RESIDENTIAL)

VALUE VALUE DEVELOP. NET PRESENT WORTH
PER ACRE PER ACRE COSTS DIFFERENCE TOTAL TOTAL FACTORS AMOUNT

YEAR W/PROJ. W/O PROJ. PER ACRE IN VALUE ACRES VALUE 8-314% ($)

1 117,000 5,000 40,000 72,000 7.0 $504,000 0.9196 $463,478
2 117,000 5,000 40,000 72,000 14.0 $1,008,000 0.8456 $852,365
3 117,000 5,000 40,000 72,000 21.1 $1,519,200 0.7776 $1,181,330
4 117,000 5,000 40,000 72,000 28.1 $2,023,200 0.7150 $1,446,588
5 117,000 5,000 40,000 72,000 31.6 $2,275,200 0.6575 $1,495,944
6 117,000 5,000 40,000 72,000 35.2 $2,534,400 0.6046 $1,532,298
7 117,000 5,000 40,000 72,000 38.7 $2,786,400 0.5559 $1,548,960
8 117,000 5,000 40,000 72,000 42.2 $3,038,400 0.5112 $1,553,230
9 117,000 5,000 40,000 72,000 45.7 $3,290,400 0.4701 $1,546,817

10 117,000 5,000 40,000 72,000 49.2 $3,542,400 0.4323 $1,531,380
11 117,000 5,000 40,000 72,000 52.8 $3,801,600 0.3975 $1,511,136
12 117,000 5,000 40,000 72,000 56.3 $4,053,600 0.3655 $1,481,59
13 117,000 5,000 40,000 72,000 59.8 $4,305,600 0.3361 $1,447,1in
14 117,000 5,000 40,000 72,000 63.4 $4,564,800 0.3091 $1,410,9W
15 117,000 5,000 40,000 72,000 77.5 $5,580,000 0.2842 $1,585,836
16 117,000 5,000 40,000 72,000 91.6 $6,595,200 0.2613 $1,723,326
17 117,000 5,000 40,000 72,000 105.6 $7,603,200 0.2403 $1,827,049
18 117,000 5,000 40,000 72,000 119.7 $8,618,400 0.2210 $1,904,666
19 117,000 5,000 40,000 72,000 133.8 $9,633,600 0.2032 $1,957,548
20 117,000 5,000 40,000 72,000 147.9 $10,648,800 0.1869 $1,990,261
21 117,000 5,000 40,000 72,000 162.0 $11,664,000 0.1718 $2,003,875
22 117,000 5,000 40,000 72,000 176.0 $12,672,000 0.1580 $2,002,176
23 117,000 5,000 40,000 72,000 190.1 $13,687,200 0.1453 $1,988,750
24 117,000 5,000 40,000 72,000 204.2 $14,702,400 0.1336 $1,964,241
25 117,000 5,000 40,000 72,000 223.5 $16,092,000 0.1229 $1,977,707
26 117,000 5,000 40,000 72,000 242.8 $17,481,600 0.1130 $1,975,421
27 117,000 5,000 40,000 72,000 262.0 $20,260,800 0.1039 $2,105,097
28 117,000 5,000 40,000 72,000 281.4 $21,650,400 0.0955 $2,067,613
29 117,000 5,000 40,000 72,000 300.7 $23,032,800 0.0879 $2,024,583
30 117,000 5,000 40,000 72,000 319.9 $24,422,400 0.0808 $1,973,330
31 117,000 5,000 40,000 72,000 339.2 $25,812,000 0.0743 $1,917,832
32 117,000 5,000 40,000 72,000 358.5 $27,201,600 0.0683 $1,857,869
33 117,000 5,000 40,000 72,000 377.8 $28,591,200 0.0628 $1,795,527
34 117,000 5,000 40,000 72,000 397.1 $30,016,800 0.0578 $1,734,971
35 117,000 5,000 40,000 72,000 416.9 $31,449,600 0.0531 $1,669,974
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36 117,000 5,000 40,000 72,000 436.8 $32,875,200 0.0489 $1,607,597
37 117,000 5,000 40,000 72,000 456.6 $34,300,800 0.0449 $1,540,106
38 117,000 5,000 40,000 72,000 476.4 $35,726,400 0.0413 $1,475,500
39 117,000 5,000 40,000 72,000 496.2 $37,152,000 0.0380 $1,411,776
40 117,000 5,000 40,000 72,000 516.0 $38,577,600 0.0350 $1,350,216
41 117,000 5,000 40,000 72,000 535.8 $40,010,400 0.0321 $1,284,334
42 117,000 5,000 40,000 72,000 555.7 $41,436,000 0.0296 $1,226,506
43 117,000 5,000 40,000 72,000 575.5 $42,861,600 0.0272 $1,165,836
44 117,000 5,000 40,000 72,000 595.3 $44,640,000 0.0250 $1,116,000
45 117,000 5,000 40,000 72,000 620.0 $46,418,400 0.0230 $1,067,623
46 117,000 5,000 40,000 72,000 644.7 $48,182,400 0.0211 $1,016,649
47 117,000 5,000 40,000 72,000 669.2 $49,960,800 0.0195 $974,236
48 117,000 5,000 40,000 72,000 693.9 $51,739,200 0.0179 $926,132
49 117,000 5,000 40,000 72,000 718.6 $53,510,400 0.0165 $882,922
50 117,000 5,000 40,000 72,000 743.2 $55,281,600 0.0151 $834,752
51 117,000 5,000 40,000 72,000 767.8 $57,060,000 0.0139 $793,134
52 117,000 5,000 40,000 72,000 792.5 $58,838,400 0.0128 $753,132
53 117,000 5,000 40,000 72,000 817.2 $60,609,600 0.0118 $715,193
54 117,000 5,000 40,000 72,000 841.8 $61,545,600 0.0108 $664,692
55 117,000 5,000 40,000 72,000 854.8 $62,481,600 0.0100 $624,816
56 117,000 5,000 40,000 72,000 867.8 $62,481,600 0.0092 $574,831

7-100 117,000 5,000 40,000 72,000 867.8 $62,481,600 0.1039 $6,491,838

TOTAL PRESENT WORTH $87,548,679

ANNUAL EQUIVALENT LOCATION BENEFITS $7,662,260
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TABLE 13
WITHOUT PROJECT DAMAGES 11

OCTOBER 1991 PRICE LEVELS - 8-314% INTEREST RATE
($1,000)

AVERAGE
ANNUAL

1992 1998 2008 2018 2028 2038 2048-2058 EQUIVALENT

RESIDENTIAL 0 120 261 651 1,168 1,656 2,136 446

COMMERCIAL 0 0 0 24 128 177 263 26

INDUSTRIAL 0 167 398 668 930 1,200 1,447 468

PUBLIC 0 400 500 500 500 500 500 460

EMERGENCY COSTS 0 4 7 17 31 49 66 12

TOTAL 0 691 1,166 1,860 2,757 3,582 4,412 1,412

11 DAMAGES ASSOCIATED WITH NEW DEVELOPMENT BUILT ON LOCATION ACRES
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financially from a Federal project in West Sacramento, there are
many people who would benefit only from the flood protection.. Accordingly, it is believed that special cost sharing due to
locational advantages is not appropriate for West Sacramento.

Employment benefits are not being claimed because Yolo
county is not qualified using the current unemployment criteria.
Savings in floodproofing cost are not applicable for this project
because of the growth assumptions (none after 1992) for the
without project conditions.

There is a national cost associated with the administration
of the flood insurance program. The cost of servicing flood
insurance policies in effect at the time of the study is the
average cost per policy, including agent commissions, and the
costs of servicing and claims adjusting. This national flood
insurance program operating cost is currently $77 per policy (see
Economic Guidance Memorandum #89-3).

It was assumed that 10 percent of the structures within the
flood plain would have flood insurance. The 10 percent is based
upon discussion with a local FEMA official. Since the same
amount of structures are located in all of the flood frequency
events, the benefit remains the same for all of the levels of
protection. The benefits associated with the flood insurance
program are $88,000.

In summary, the following flood control benefits were
claimed for the project: inundation reduction, location benefits
and flood insurance program benefits. The total average annual
equivalent flood control benefits are $7.2, $8.9 and $9.8 million. for the 100-, 200- and 400-year alternatives.
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COMPARISON OF FLOOD CONTROL MEASURES

DESCRIPTION OF ALTERNATIVE PLANS

Several flood control measures were considered for further
analysis. These measures focused on five major areas:
modification of Fremont Weir and Yolo Bypass; modification of
Sacramento Weir and Bypass; diversion of floodwaters into the
Ship Channel; modification of levees around West Sacramento; and
removal of flow constrictions from the Yolo Bypass. Within each
measure, several options were developed to satisfy the planning
objectives. The following is a description of each measure.

Modify Fremont Weir and Yolo Bypass

The following options focus on facilitating or improving the
conveyance of the Fremont Weir and the Yolo Bypass, thereby
diverting greater flows into the Yolo Bypass.

Option 1. - Remove the deposited material both upstream and
downstream of the Fremont Weir to an elevation less than or equal
to the weir crest elevation of 30.4 feet. The DWR has recently
(1986 and 1987) undertaken efforts to lower the elevation of
sediment upstream and downstream of the Fremont Weir to an
elevation of 27 to 28 feet. A portion of this work on the east
side of the bypass (approximately 375 acres) has not been
completed. For this option, approximately 200,000 cy of
additional material would be removed to ensure that land surface
elevations are generally no higher than 30.4 feet. Material
would either be deposited on nearby land as fill or used to
improve existing levees on the Yolo Bypass or Sacramento River.

Option 2. - Widen the Fremont Weir and the Yolo Bypass at
Fremont Weir by 500 or 1,500 feet. The east levee of the Yolo
Bypass would be set back in order to better align the inlet to
the Yolo Bypass with the outlet of the Sutter Bypass. The length
of levee to be set back (in a landward direction) is
approximately 18,400 linear feet for the 500-foot option and
21,600 linear feet for the 1,500-foot option. Alignment of the
proposed setbacks are shown in Figure 1. The weir would be
extended 500 or 1,500 feet and would be constructed to match the
current design. This option also considered the modification of
about 400 feet of embankment material along the Fremont Weir at
its junction with the Old River. The embankment material would
be replaced with a concrete weir and riprap to match the current
design.

Option 3. - Lower the crest elevation of the Fremont Weir by
0.5 or 1.0 foot. This would involve lowering and reshaping
approximately 9,120 linear feet of concrete weir. To ensure
proper functioning of the weir at these elevations, additional
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. sediment removal would be necessary to lower the land surface to
an elevation equal to or less than the weir crest elevations.
Approximately 400,000 and 600,000 cy of material would need to be
removed and disposed of when lowering the weir by 0.5 and 1.0
foot, respectively. Again, the area of sediment removal
(approximately 375 acres) would be confined to the east side of
the bypass that has not been modified by the DWR. (Not all of
the area within the 375 acres would be impacted by construction
activities because of irregularities in the ground surface
elevations.)

Modify Sacramento Weir and Bypass

Several options to modify the Sacramento Weir and/or its
operation in order to divert additional floodwaters into the Yolo
Bypass were considered. The Sacramento Weir consists of 48 bays
(gates) that are manually operated. To adjust the flow that
passes over the weir, the bays are opened individually as
specified in the operating criteria. Each bay consists of 36, 3
by 12-inch wooden planks that are approximately 6 feet long. The
effective overflow weir crest elevation is 21.5 feet. Traffic
from Highway 16 and the UPRR would need to be rerouted or
diverted during any construction involving the weir.

Option 1. - Remove the existing gate structures and form a
smooth concrete surface along the weir with a crest elevation of
21.2 feet. The length of weir to be modified is approximately
1,824 feet.

Option 2. - Widen the Sacramento Weir and set back the north
levee of the Sacramento Bypass by 500 or 1,500 feet in a landward
direction. The north levee (approximately 9,500 feet) was
selected because land north of the bypass is relatively
undeveloped. Alignment of the proposed setbacks is shown in
Figure 2. The design of the weir extension would match that of
the current design. Operation of the gates would remain the same
as the existing operation.

Option 3. - Lower the weir crest by either 0.5 of 1.0 foot
while retaining the same gate configuration by extending the
boards to their original elevation.

Divert Floodwaters into the Sacramento River Deep Water Ship
Channel

This measure involves the diversion of a portion of the
floodwaters (between 20,000 and 40,000 cfs) in the Yolo Bypass
and/or the Sacramento River into the Ship Channel (Figure 3).
This would be done by using pumps and diversion facilities that
connect the Sacramento River and Yolo Bypass to the Ship Channel
near the Port. This alternative would also require the
relocation of Port facilities and new levees on both sides of the
Ship Channel adjacent to the Port.

0
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Modify Levees Around West Sacramento

This measure consists of raising portions of the levees
around the city of West Sacramento to increase the level of flood
protection to that area. Both 100-year and 200-year levels of
flood protection were analyzed (Figures 4 and 5). Approximately
91,000 linear feet of levee would need to be raised for the
100-year level of protection and 118,000 linear feet for the
200-year level of protection. Design levee crown elevations were
based on existing levee crown elevations, preliminary 100- and
200-year water surface profiles, and design freeboard criteria.
Proposed levee raising on the west side of the Yolo Bypass and
north side of the Sacramento Bypass would be included as
potential mitigation for adverse flood impacts due to levee
raising around West Sacramento. All raising and widening would
be landward.

Remove Flow Constrictions from Yolo Bypass

This measure consists of replacing highway and railroad
embankments with bridge structures to improve flow conveyance and
reduce flood stages in the area of the Yolo Bypass adjacent to
West Sacramento (Figure 6). This would involve replacement of
approximately 4,700 linear feet of embankment material from 1-80
and 9,700 linear feet from SPRR. Work on both the 1-80 and SPRR
crossings would be accomplished by constructing a new permanent
pile-supported section parallel and adjacent to the existing
embankment portion, followed by removal of the existing
embankment section. An alternative measure for the 1-80
embankment sections is to place 96-inch-diameter concrete pipes
spaced 12 feet on center through the embankment sections.

Combination

Any of the measures and options described above could be
combined to develop a flood control plan for the study area.

COMPARISON OF MEASURES

Hydrologic Evaluation of Measures

In order to compare the hydrologic and hydraulic impacts of
each measure, an unsteady flow model (DWOPER, dynamic wave
operational model) was developed. The model was calibrated using
hydrologic and hydraulic data from the 1983 and 1986 flood events
and provides flow rates and water surface elevations at
particular locations in the study area over the time interval
considered. The model reasonably simulated the peak flows and
peak water surface elevations of the 1983 and 1986 flood events,
but model results used to evaluate these measures are considered
of a reconnaissance level. The model has been refined in more
detail in the evaluation of the final alternatives.

S
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Because the model was calibrated on the 1983 and 1986 flood
events, modifications were necessary to incorporate the physical
changes that have occurred in and adjacent to the study area
since February 1986. With these modifications, the model
generally represents physical conditions as of September 1988 and
the without project condition for the comparison of flood control
measures. (Some of the levee embankment modifications and
sediment removal programs being considered by local entities for
implementation in the future could modify the model simulations
for the without project condition.)

For the with project condition, various physical parameters
were modified in the existing model to simulate the various flood
control measures. For this comparison, the American River
Watershed investigation Selected Plan is not considered a with
project condition. A comparison of model results under with and
without project conditions was based primarily on differences in
peak water surface elevations and flows within the study area.

Modify Fremont Weir and Yolo Bypass. - Preliminary hydrologic
and hydraulic modeling efforts indicated that removal of
deposited material upstream and downstream of the weir would be
effective in reducing flood stages in the Sacramento River
between the confluence with the Feather River and the Sacramento
Bypass. (Although the Natomas Cross Canal is not included in the
study area, it should be noted that reducing the flood stages in
the Sacramento River would also reduce the flood stages in the
Natomas Cross Canal.) Flood stages for the expected 100-year
flood event or an event similar to the 1986 flood event could be
reduced between 0.1 and 0.5 foot in this river reach, depending
on location, if the land surface both upstream and downstream of
the weir is reduced and maintained at 30.4 feet. In addition,
flood stages would be reduced by similar amounts in the Yolo
Bypass in the immediate vicinity of the weir. Impacts to flood
stages throughout the remainder of the study area would be
minimal and suggest that the system tends to revert to existing
conditions (without project conditions) at and downstream of the
Sacramento Bypass.

Widening the weir and the Yolo Bypass at the Fremont Weir up
to 500 feet would not have a significant impact on flood stages
in the study area based on preliminary analyses. Widening to
1,500 feet would have an impact on flood stages in the Sacramento
River between the confluence with the Feather River and the
Sacramento Bypass. For the 100-year flood event, flood stages in
this river reach could be reduced between 0.1 and 0.5 foot,
depending on location. Impacts to flood stages throughout the
remainder of the study area would be minimal.

Lowering the existing weir crest about 1.0 foot and
maintaining the land surface elevation both upstream and
downstream of the weir at 29.4 feet by removing material could
also reduce flood stages in the Sacramento River between the
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* Feather River and the Sacramento Bypass. With this plan, the
observed 1986 water surface elevation of the Sacramento River
near Verona would be reduced about 1.5 feet. Small increases in
water surface elevation would result in the Yolo Bypass.

In general, the preliminary hydrologic and hydraulic modeling
efforts indicated that the proposed modifications to the Fremont
Weir and the Yolo Bypass (near the weir) would reduce flood
stages significantly for major flood events in the Sacramento
River between the Feather River and the Sacramento Bypass, in the
Yolo Bypass near the weir, and in the Natomas Cross Canal. Flood
stages throughout the remainder of the study area would not
change significantly because (1) the maximum additional flow
expected over the Fremont Weir for a 100-year flood event is
about 20,000 cfs and (2) the flow system tends to revert to the
without project condition at and downstream of the Sacramento
Bypass. (An additional 20,000 cfs in the Yolo Bypass downstream
of the Fremont Weir is equivalent to about 0.2 to 0.3 foot during
major flood events.)

Modify Sacramento Weir and Bypass. - Preliminary analyses
suggested that removing the existing gates and forming a smooth
concrete surface with a crest elevation of 21.2 feet would only
have a minimal impact on peak flood stages for events similar to
or larger than the February 1986 flood in the study area.
Floodwaters would begin to move over the Fremont Weir when the
flow in the Sacramento River at Verona is about 58,000 cfs.
Without gates at the Sacramento Weir, floodwaters would also
begin to move over this weir at a flow of about 58,000 cfs in the
Sacramento River. (Water surface elevations in the Sacramento
River at the Sacramento Weir are influenced by backwater
conditions from the American River,tides, and other factors.)
Because of this, removing the gates would not significantly
change the duration of flooding within the Yolo Bypass, but would
change the flow regime during the time period that floodwaters
are present in the bypass.

Preliminary studies indicated that widening the weir and
bypass and maintaining the existing gate operation would increase
the peak flows over the weir and would reduce the peak flood
stages in the Sacramento River downstream of the weir for major
floods similar to or larger than the February 1986 flood event.
Widening the weir and bypass by 500 feet and 1,500 feet could
increase peak flows over the weir by 10,000 cfs and 20,000 cfs,
respectively, for the 100-year flood event. Flood stages for the
100-year flood event in the Sacramento River downstream of the
weir could be reduced by about 1.5 feet, depending on the
distance from the weir. Increases in flood stages in the Yolo
Bypass would be insignificant because 10,000 cfs to 20,000 cfs
represents only a 0.1- to 0.2-foot change in water surface
elevation for flood events equal to or greater than the 100-year
flood event.
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Lowering the weir crest and maintaining the same gate
operation could have results similar to widening the weir and
bypass. When the weir crest is lowered, the -gate structures
would have to be increased in height the same amount in order to
maintain the same operation. Lowering the weir crest by 0.5 and
1.0 foot would increase peak flows over the weir by 5,000 cfs and
10,000 cfs, respectively, for the expected 100-year flood event.

Divert Floodwaters into the Sacramento River Deep Water Ship
Channel. - The 100- and 200-year flood events in the Sacramento
River system would probably result in flood stages of 16.0 feet
and 16.4 feet, respectively, in the Ship Channel near the Port
based on preliminary hydrologic analyses. A rating curve
developed for the Ship Channel downstream of the Port indicates
that a 1.0-foot increase in the water surface elevation at the
Port for the 100-year or 200-year flood event would result in a
hydraulic gradient sufficient to convey about 10,000 cfs
downstream through the Ship Channel. Similarily, 2.0- and
4.0-foot increases in the water surface elevation at the Port
would result in the conveyance of about 20,000 cfs and 35,000
cfs, respectively.

Average velocities in the Ship Channel for a flow of 70,000
cfs would be 3 to 4 fps although localized velocities might be as
high as 10 fps. For a flow of 40,000 cfs, average velocities
would be 2 to 3 fps. Localized scour of the channel banks would
occur during periods of peak flow although sediment deposition
would dominate throughout the length of the Ship Channel for the
duration in which floodwaters are diverted from the Sacramento
River and/or Yolo Bypass.

Preliminary modeling efforts indicated that significant
reductions in flood stages for major flood events similar to the
1986 flood event or larger could be achieved in the Sacramento
River downstream of the American River by diverting excess
floodwaters from the Sacramento River into the barge canal at the
location of the lock. Diversions considered ranged between
20,000 cfs and 40,000 cfs. Diverting similar flows into the Ship
Channel from the Yolo Bypass only had a minimal impact on flood
stages in the study area for major flood events.

Modify Levees Around West Sacramento. - Based on preliminary
data, the estimated level of flood protection for the city of
West Sacramento is about a 90-year flood eventk. Actual levee
failures may occur at higher or lower recurrence intervals (flood
stages) depending on flood duration, wave action, bank erosion,
emergency efforts, etc. The 90-year level of flood protection
assumes that the levee embankments are structurally stable and
that any necessary structural repairs recommended under the
"Sacramento River Flood Control System Evaluation," Corps of
Engineers, May 1988, will be implemented prior to any
improvements considered in this study.

*Based on more complete data, the level of flood protection is
currently estimated to be about 70 years.
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Raising and widening levee embankments around West Sacramento
to provide design levels of flood protection for the 100-year,
200-year and larger flood events would reduce the probability of
levee failure and overtopping. This reduction would have an
adverse impact on flood stages at and downstream of those
locations. Based on preliminary hydrology, a single levee breach
on the Yolo Bypass side of West Sacramento could potentially
occur during a 100-year flood event. Preventing this levee
breach during the 100-year flood event would increase flood
stages in the Yolo Bypass downstream of this location up to about
0.3 foot. For a 200-year flood event under existing conditions,
more than one levee breach is probable, and preventing this
occurrence could increase downstream flood stages up to about 0.5
foot.

Remove Flow Constrictions from Yolo Bypass. - Preliminary
hydrologic and hydraulic modeling indicated that replacement of
embankment material with bridge structures at both 1-80 and the
SPRR could reduce flood stages in the Yolo Bypass and the
Sacramento Bypass adjacent to West Sacramento. For a major flood
event, removal of the embankment material could reduce flood
stages in the Yolo and Sacramento Bypasses upstream of 1-80 and
adjacent to West Sacramento between 0.5 and 1.0 foot. Reductions
in flood stages in the Sacramento River and in the Yolo Bypass
above Woodland are relatively insignificant.

No downstream adverse flood impacts are associated with
removal of the embankment material. Because of the increased

.flow area possible at both 1-80 and the SPRR, peak flow
velocities and scour potential would also be reduced in the
vicinity of the bridge structures.

Environmental Effects

Costs of potential mitigation measures were based on similar
mitigation plans developed for projects and other studies in or
adjacent to the Sacramento River watershed. Costs are considered
as reconnaissance level and have been developed to estimate the
total costs of various measures. For several measures,
environmental costs are significant and impact the economic
viability of the potential flood control measures.

Modify Fremont Weir and Yolo Bypass. - Flood control measures
that include widening the Yolo Bypass near the Fremont Weir (by
moving about 3 to 4 miles of the east levee embankment located
just downstream of the weir either 500 or 1,500 feet back) could
cause significant impacts to riparian vegetation. An adjacent
irrigation canal (Tule Canal) parallels this section of the levee
embankment on the waterward side of Yolo Bypass, and this canal
supports significant areas of riparian vegetation and marsh
habitat.
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Removing this section of the existing levee embankment and
hauling the material to the proposed alignment would be
accomplished from the land side of the levee and would minimize
any work in or immediately adjacent to the canal. Assurances
from local landowners and the local sponsor would be required to
prevent filling in and moving the existing canal toward the new
alignment in the future to minimize adverse environmental
impacts. Even with these conditions, about 60 acres of riparian
vegetation, including emergent marsh, riparian forest and
riparian scrub, could still be disturbed.

Based on cost estimates from "Wildcat and San Pablo Creeks,"
U.S. Army Corps of Engineers, August 1988, the cost to replace
similar habitat values is estimated to be $18,000 per acre. This
would include planting near the canal and maintaining the
plantings for three seasons. The total cost of this mitigation
plan is estimated at $1 million.

Lowering the existing weir crest by 1.0 foot could increase
the duration of floodflows in the Yolo Bypass by 1 to 4 days per
flood event. Increased flow durations could cause damage to oak
trees in the bypass, but the magnitude of the change is so small
that the effects are probably minor.

Sediment removal that would be required in conjunction with
this measure would impact up to 200 acres of land area just
upstream and downstream of the weir. Sediment removal plans
would be similar to work recently accomplished by the State.
Selective clearing of this area would be accomplished by avoiding
areas of mature riparian vegetation. This would limit impacts to
riparian scrub/shrub. The current estimate to revegetate this
area based on the State's program is about $450 per acre for
seeding. Total cost of this mitigation alternative is $100,000,
which includes the cost of an airplane equipped to seed from the
air.

Increasing the volume of water that passes over the Fremont
Weir would increase the number of fish carried into the Yolo
Bypass at this location. This impact could be offset by
reductions in the volume of water passing through the Sacramento
Bypass due to implementation of this measure. Whether or not
this measure would result in additional fish being stranded in
the Yolo Bypass as floodwaters recede is not known. Since there
is insufficient information to determine if an adverse condition
would result, no mitigation costs have been included in this
evaluation. If adverse impacts are identified, potential
mitigation measures could include increasing the number of fish
released by hatcheries in the Sacramento River or enhancing
spawning and rearing habitats along the river.

Direct construction impacts to aquatic resources could result
from land surface depressions created by construction
activities. Mitigation would require construction areas graded
with a slope towards the Tule Canal.
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Modify Sacramento Weir and Bypass. - Flood control measures
that consider widening the Sacramento Bypass and the Sacramento
Weir could damage riparian vegetation because of construction
activities. Because of significant development on the landward
side of the south levee of the Sacramento Bypass, widening
alternatives considered setting back the north levee (and
extending the weir to the north).

An irrigation canal is adjacent and parallel to a portion of
the north levee on the waterward side of the Sacramento Bypass.
Removing the existing north levee embankment and hauling the
material to the proposed alignment would be accomplished from the
land side of the levee and would minimize any work in or
immediately adjacent to the canal. In addition, the weir would
be extended to the new levee alignment. Even with the above
conditions, about 2 acres of riparian forest could be impacted.
Required mitigation would include revegetation of about 3 acres,
at a total cost of about $60,000.

Removing the existing gates and forming a smooth concrete
surface with a crest elevation at 21.2 feet (no widening) would
not significantly change the duration of flooding within the Yolo
and Sacramento Bypasses, but would change the flow regime during
the time period that floodwaters are present in the bypasses.. Environmental impacts to vegetation from this option are
considered minor.

Lowering the weir crest by 0.5 foot and 1.0 foot (no
widening) and maintaining the existing gate operation would
increase the duration and volume of floodwater diverted through
the Sacramento Bypass. Sediment removal either upstream or
downstream of the weir is not proposed with this option. If
sediment removal is needed, riparian vegetation in the toe drains
waterward of the bypass levees could be avoided to minimize
impacts.

Widening the weir and bypass would increase the volume of
floodwaters diverted into the Sacramento Bypass. Lowering the
weir crest would not only increase the volume of floodwater
diverted into the bypass but would also increase the duration in
which floodwaters are diverted. The increase in volume and/or
duration of floodwaters diverted into the bypass system would
probably result in additional fish being stranded in the Yolo
Bypass as floodwaters recede. The magnitude of this impact has
not been estimated. Although potential costs have not been
determined, mitigation alternatives could include increasing the
number of fish released by hatcheries in the Sacramento and
American Rivers or enhancing spawning and rearing habitats along
the river.
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Direct construction impacts to fish under this measure could
result from land surface depressions created by construction
activities. Mitigation would require construction areas graded
with a slope towards the Tule Canal.

Divert Floodwaters into the Sacramento River Deep Water Ship
Channel. - Terrestrial impacts of this measure would be minor.
Construction of new levees and associated relocations of existing
facilities around the Port would require reseeding of levee
embankments and other construction areas for erosion control.

Water would be diverted through the Ship Channel in one of
two methods: by using a siphon with a pump or by constructing
overflow weirs. Fisheries impacts associated with these methods
would be minimal. Diverting water through a siphon would require
a pump to initiate the flow. The gravity flow of the siphon
would divert water without the continuous use of pumps. Any
impact would be limited to the initial action to begin the
flows. The use of overflow weirs to divert floodwaters would
also have a minimal impact on fisheries.

Modify Levees Around West Sacramento. - Levee embankment
modifications required in this measure would be accomplished by
raising and widening levee sections to the landward side only.
In addition, construction activities would be limited primarily
to the top and the landward side of the existing levee
embankment.

Preliminary evaluations indicated that levee embankment
modifications would be required on the Sacramento River,
Sacramento Bypass and both sides of the Yolo Bypass west of the
city of West Sacramento. Construction activities could impact
between 10 and 15 acres of riparian forest and emergent marsh,
depending on the design level of flood protection. Costs of
potential mitigation alternatives, primarily revegetation, range
between $100,000 and $150,000. No work is considered necessary
for the cross levee at the southern boundary of West Sacramento.

Remove Flow Constrictions from Yolo Bypass. - Construction
and clearing activities involved in removing all of the
embankment material (replacing with bridge or culvert structures)
from 1-80 and the SPRR on the Yolo Bypass would impact about 25
acres of riparian scrub. Environmental impacts associated with
localized decreases in flood stages and peak velocities are
considered insignificant.

The estimated cost to mitigate for the loss of riparian scrub
is $200,000. Mitigation measures could include revegetation of
constructed and cleared areas and revegetation of other nearby
land areas that could be acquired in fee or easement.
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Construction Costs

Reconnaissance level construction cost estimates for the
flood control measures are discussed in this section. First
costs are based on October 1988 price levels. Annual costs are
based on an 8-5/8 percent interest rate and a 50-year
amortization period. The annual cost of operation and
maintenance is included in the estimated annual costs. All costs
assume that the levee embankments of the Sacramento River Flood
Control Project system are structurally stable at the existing
design water surface elevation.

Modify Fremont Weir and Yolo Bypass. - This measure involves
various modifications to Fremont Weir and its existing
operation. Each option would increase the peak flow and divert
more water over the weir than under the without plan condition.
The annual cost of each option includes a cost of $65,000 for
monitoring sediment deposition near the weir, removing and
disposing future deposited material, and acquiring land necessary
for disposal of material. The monitoring program consists of
setting up transect lines perpendicular to the weir, spaced
approximately 1,000 feet apart, and surveying ground elevations
in the summer months during those years in which the floodwaters
reached the weir.

Assurances would be required from local interests to maintain
the existing flow conveyance within the Sacramento River channel
downstream of Fremont Weir. Although this channel reach was
degrading under prior conditions, a monitoring and maintenance
program would still be required to ensure that channel
aggradation, if it does occur, would not adversely impact design
levels of flood protection for the alternatives.

Sediment removal in conjunction with the flood control
measures would require the acquisition of about 100 to 200 acres
of land outside, but adjacent to the Yolo Bypass, for disposal.
If purchased in fee, the land costs would be about $400,000.
This cost could be less if excavated material is used to enlarge
adjacent levee embankments, thereby minimizing land acquisition
requirements.

Since the February 1986 flood event, the State of California
has removed soil material just upstream and just downstream of
the weir. In 1986, the State removed about 500,000 cy of
sediments from the west side of the weir and disposed of the
material outside of Yolo Bypass at a cost of about $650,000. (A
local landowner permitted disposal of material on his property
without the added cost of land acquisition.) In 1987, the State
removed about 800,000 cy of sediments adjacent to the middle
section of the weir at a cost of about $1 million. This material
was disposed of at a central location in the Yolo Bypass just
downstream'of the weir. (The disposal material was stacked to. minimize flow obstruction.) The State has plans to remove an
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additional 650,000 cy of material from the east side of the
bypass adjacent to the weir in the future, but the work depends
on funding. In 1988 and 1989, State funding was not available.
The material removed from this area of the weir could be disposed
of by enlarging sections of the levee embankment on both the east
levee of the Yolo Bypass and the west levee of the Sacramento
River near the weir. To date, the State's sediment removal
program has involved the removal of material down to an elevation
about 1 to 2 feet lower than the crest elevation of the weir as
shown in Figure 19. Localized areas of sediment aggradation near
the trees were not excavated.

For purposes of comparison of the flood control measures, it
is assumed that it is unlikely that additional material will be
removed by the State because funds have not been approved for
that purpose. In addition, since the weir was generally
functioning as designed during the February 1986 flood event and
prior to any sediment removal, future sediment removal by the
State is not considered necessary maintenance to ensure the weir
operation. As a result, the cost to remove additional material
has been evaluated as a potential measure under this
investigation.

Based on the sediment removal work performed by the State to
date, about 200,000 cy of additional material would need to be
removed to ensure that land surface elevations both upstream and
downstream of the weir are generally no higher than the existing
weir crest elevation of 30.4 feet. The estimated cost of
sediment removal is about $250,000.

In addition, 35 existing flowage easements in the Sacramento
and Yolo Bypasses were reviewed. Of these easements, none have
limits on the depth or duration of flooding. Assuming these 35
easements are representative of all flowage easements in the
Sacramento and Yolo Bypasses, increased depth and duration of
flooding would not require modifications to existing easements or
additional compensation to landowners. (The bulk of the existing
flowage easements provide for "a perpetual right and easement,
without recourse to compensation for damage therefrom, past,
present or future, for the passage of all waters of the Yolo
Bypass which may from time to time inundate or which has
heretofore inundated the lands of the grantors over, upon and
across all of the following described lands .... ").

No project levee exists on the west side of the Yolo Bypass
downstream of the confluence with Putah Creek. In this area,
flowage easements were obtained to the outer limits of flooding
under design flow conditions (at the design water surface
elevation). If peak flow conditions in this area were increased
over design conditions, then additional flowage easements would
be required because the extent of flooding would be increased.
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As discussed in the section on the "Hydrologic Evaluation of
Measures," proposed modifications to the Fremont Weir and the
Yolo Bypass (near the weir) would not have a significant impact
on flood stages in the study area downstream of the Sacramento
Bypass. As a result, no additional flowage easements are
required in the Yolo Bypass area south of Putah Creek.

Widening the weir either 500 or 1,500 feet involves setting
back the east levee of the Yolo Bypass to increase the flow
capacity of the bypass. The east levee was selected because this
would allow better alignment with the inlet of the Yolo Bypass
with the outlet of the Sutter Bypass. The length of setback
levee would be approximately 3 miles (see Figure 1). This
measure also includes extending the weir either 500 or 1,500
feet. The design of the weir extension would be the same as the
current design.

Based on the evaluation of existing flowage easements and
peak flood stages downstream of Putah Creek, no additional
flowage easements or compensation would be needed for lands
within the Sacramento and Yolo Bypasses for the options
described. There is a concern that increased flows and durations
will adversely affect local drainage within the various
tributaries (Knights Landing Ridge Cut, Willow Slough, etc.) to
the Yolo Bypass.

Construction costs for the various options are summarized
below:

Option First Cost($) Annual Cost($) 1/
1 650,000 120,000
2

500 ft 9,000,000 840,000
1,500 ft 13,400,000 1,220,000

3
0.5 ft 1,470,000 190,000
1.0 ft 2,035,000 240,000

1/ Annual cost includes a cost of $65,000 for monitoring
sediment deposition near the weir and removing and disposing of
future deposited material.

Modify Sacramento Weir and Bypass. - This measure includes
various modifications to the Sacramento Weir and its existing
operation. Most of the options would increase the peak flow and
divert more water over the weir than under the without project
condition.

Removing the existing gates and forming a smooth concrete
surface with a crest elevation of 21.2 feet has only a minimal
impact on peak flood stages similar to or larger than the
February 1986 flood event in the study area. (See section on
"Hydrologic Evaluation of Measures.") During the 100-year (and. greater) flood event, all 48 gates would be open during the
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rising limb of the flood hydrograph. In addition, all gates
would be open for 3 or more days until peak flood stages are
attained in the study area. Because of the operation time when
all gates are open, peak flood stages attained with this
alternative (no gates) would be similar to peak flood stages with
the existing system. Since peak flood stages with or without
this alternative are similar, no additional flowage easements are
required for the Yolo Bypass. (See the discussion in the section
"Modify Fremont Weir and Yolo Bypass, Construction Costs.") The
first cost and annual costs for this alternative are $85,000 and
$10,000, respectively. (Because peak flood stages attained in
the study area with or without the gates are similar, no
reduction in flood damages has been attributed to this option.
It is possible, however, that a permanent structure without gates
would reduce the possibility of operational problems given the
labor-intensive requirements of manually opening each of the 48
gates.)

Widening the weir and bypass and maintaining the existing
gate operation would increase the peak flows over the weir for
major flood events similar to or larger than the February 1986
flood event. Increases in peak flows could increase flood stages
in the Yolo Bypass downstream of the Sacramento Bypass by 0.1 to
0.2 foot for flood events equal to or greater than the 100-year
flood event. The higher stages would require additional flowage
easements in the Yolo Bypass downstream of Putah Creek because of
the increase in flooded areas. The costs of the additional
flowage easements are not included in this estimate but are
considered small in comparison to the first cost of widening the
bypass. The north levee of the bypass was set back because land
north of the bypass is unimproved, whereas the California Highway
Patrol Academy is located just to the south of the bypass.

This option also includes extending the weir, and the design
of the weir extension will match the existing design. The
problems with extending the weir are significant and costly. The
UPRR crosses over the weir and must remain open for traffic
between Sacramento and Woodland, a city west of the Yolo Bypass.
This could be accomplished by building a temporary bypass track,
trucking the commodities or rerouting the traffic over another
rail line. (The SPRR has indicated that they would probably not
grant trackage rights in the area.) Vehicular traffic also
crosses over the weir and would have to be diverted or rerouted.
First cost and annual costs for widening the bypass by 500 feet
(see Figure 2) are $7,200,000 and $640,000, respectively.
Widening the bypass by 1,500 feet would have a first cost of
$14,900,000 and annual costs of $1,320,000.

Lowering the weir crest and maintaining the same gate
operation (no widening of the bypass) would have results similar
to widening the weir and bypass. When the weir crest is lowered,
the height of the gate structures would have to be increased the
same amount in order to maintain the same operation. As in the
case of widening the weir and bypass, additional flowage
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. easements on Yolo Bypass downstream of Putah Creek would be
required. The cost of these easements is not included in this
estimate. Existing land surface elevations just upstream and
downstream of the weir crest are lower than the proposed weir
crest elevations being considered. As a result, lowering the
weir crest either 0.5 or 1.0 foot would not require removing
sediment material just upstream or downstream of the weir. First
cost and annual costs for lowering the weir crest elevation by
0.5 foot are $1,500,000 and $130,000, respectively. First cost
and annual costs for lowering the weir crest elevation 1.0 foot
are $1,750,000 and $160,000, respectively.

One of the operational objectives of the Sacramento and
Fremont Weirs is to maintain flows in the Sacramento River to
prevent depositional build-up. Any change in the physical
configuration or operation of the Sacramento and Fremont Weirs
could impact that operational objective. With any proposed
changes to the weirs, assurances would be required from local
interests to maintain existing flow conveyance within the
Sacramento River channel. A monitoring and maintenance program
would need to be developed to ensure that channel aggradation
would not occur in the Sacramento River channel.

Divert Floodwaters into the Sacramento River Deep Water Ship
Channel. - This measure would divert a portion of the floodwaters. in the Yolo Bypass and/or the Sacramento River into the Ship
Channel near the Port by pumps and bypasses. Based on
information in the section "Hydrologic Evaluation of Measures,"
diverting flows of 20,000 to 40,000 cfs into the Ship Channel
from the Yolo Bypass side would have only a minimal impact on
flood stages in the study area for major flood events. As a
result, diversion from the Yolo Bypass side was deleted from
further consideration.

Preliminary hydrologic modeling efforts did indicate that
significant reductions in flood stages for major flood events
(similar to the 1986 flood event or larger) could be achieved in
the Sacramento River downstream of the American River by
diverting excess floodwaters from the Sacramento River into the
barge canal via the lock. The costs and problems associated with
this diversion are significant. Major Port facilities, such as
docks, loading cranes, warehouses, etc., would have to be
relocated and/or reconstructed because new levees would be
required on both sides of the Ship Channel adjacent to the Port.
During those periods when floodwaters were diverted into the Ship
Channel, ship traffic would be impacted. In fact, ship movement
would probably cease. In addition, changes in erosion and
deposition in the channel would probably increase dredging costs
significantly. Because of these costs and problems, the
Sacramento-Yolo Port District (who owns and operates the Port of
Sacramento) does not support using the Ship Channel as a
diversion channel for floodwaters. Because of the increased
costs, potential problems and local opposition, the alternative. was deleted from further consideration.
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Modify Levees Around West Sacramento. - This measure involves
raising and widening sections of levee to achieve 100- and
200-year levels of flood protection. Construction activities
would be limited primarily to the top and landward side of the
existing levee embankment.

The design freeboard criterion for both the Yolo and
Sacramento Bypasses is 6 feet. The Sacramento River and other
streams require 3 feet. On Willow Slough Bypass, there is also a
transition reach where the freeboard changes from 6 to 3 feet.
Using local stage-frequency curves, high water mark profiles from
the 1986 flood event, wind-set criteria and other information,
the 100- and 200-year water surface profiles were estimated for
preliminary design purposes. These profiles, along with levee
crown surveys and freeboard criteria, were used to determine
whether the levee embankments would need to be increased in
height in order to provide a specific level of flood protection.
In order to compensate for any adverse flood impacts, levee
embankment modifications were also made to levees on the west
side of the Yolo Bypass and on the north side of the Sacramento
Bypass (see Figures 4 and 5).

Preliminary first costs and annual costs for this measure are
as follows:

Modify Levees Around West Sacramento
First and Annual Cost Estimates

Level of Flood Protection First Cost Annual Cost

100-year $3,800,000 $340,000
200-year $6,700,000 $590,000

These costs do not include costs needed to structurally modify
the levee embankments to meet the design requirements under
existing conditions. As presented in the "Sacramento River Flood
Control System Evaluation," Corps of Engineers, May 1988, the
cost to structurally repair the existing levees around West
Sacramento is estimated at about $2,350,000. Structural repairs
might also be needed when improving the levees on the west side
of the Yolo Bypass and on the north side of the Sacramento
Bypass. These structural repairs, if needed, are currently
scheduled to be evaluated in a separate investigation.

Remove Flow Constrictions from Yolo Bypass. - This measure
would consist of replacing highway and railroad embankment
material with bridge or culvert structures at 1-80 and the SPRR
on the Yolo Bypass. The raised embankments reduce flow capacity
when compared to pier-supported crossings.

The 1-80 crossing over the Yolo Bypass consists of
approximately 4,700 linear feet of raised embankment with the
remainder being supported by piers. Average daily traffic is

22



. 85,000 vehicles with a peak of 100,000 vehicles. During the
morning and evening commutes and during Friday and Sunday
evenings, the system is near peak capacity. The California
Department of Transportation (Caltrans) was consulted on the idea
of removing the embankment portion of the 1-80 crossing and
replacing those sections with piers. Possible options
included: (1) build a new permanent pile-supported section
parallel and adjacent to the existing embankment portion and then
remove the existing embankment section, and (2) build a temporary
embankment section next to the existing embankment section,
remove the existing embankment section, build a pile-supported
section in its place, and then remove the temporary embankment
section. All designs would have to satisfy Caltrans freeway
standards for speeds of 65 miles per hour, and traffic flow could
not be disrupted. Option (2) appears to be less costly with an
estimated cost of $123 million.

The SPRR crossing consists of three raised embankment
sections totaling 9,700 feet, with the remainder being supported
by piers. Possible options include: (1) build a new permanent
pile-supported structure with an alignment parallel to the
existing line and then remove the existing railroad crossing, and
(2) build a temporary elevated shoefly next to the existing line,
remove the existing embankment section, build a pile-supported
line in its place, and then remove the temporary shoefly. The
SPRR line would have to stay open during construction since it is. unlikely that trackage rights could be acquired from another
railroad to reroute the traffic. Option (1) appears to be less
costly with an estimated cost of $18 million.

The combined estimated costs for the removal of the
embankment sections is about $140 million. Three to four
construction seasons would probably be needed to complete the
work.

During the meetings with Caltrans, another option was
discussed. This option would consist of jacking concrete pipe
through the embankment sections. Caltrans stated that this
option would eliminate the need to reroute or delay traffic.
They have jacked pipe through embankments in the past, but on a
smaller scale. Using 96-inch-diameter pipes, spaced at 12 feet
on center, the flow capacity through the pipes would be
approximately 30 percent of the capacity that would be achieved
by removing the embankment sections. The estimated cost of this
option would be $245 million.

Benefit Evaluation

Preliminary flood damage reduction benefits were based on a
comparison of existing and with project condition levels of flood
protection in the study area. Estimates of the recurrence
intervals at which levee failures could potentially occur under
existing conditions were based on levee performance during the
February 1986 flood event, expected flood durations, wave action
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(including wave erosion), bank erosion, the ability of local
entities to install floodgates at predetermined locations,
magnitude and location of minimum freeboard and stage-frequency
curves developed in the reconnaissance phase of this study. For
West Sacramento, the preliminary estimate of the existing level
of flood protection was about a 90-year flood event on the
Sacramento River side, the Sacramento Bypass side and the Yolo
Bypass side of the city (assuming the levee embankments are
structurally modified to meet existing design requirements).
Minimum freeboard for a 90-year flood event is about 1.6 feet on
the Sacramento River near "I" Street, about 2.8 feet on the
Sacramento Bypass near the Yolo Bypass levee and about 2.2 feet
on the Yolo Bypass. For the Elkhorn area the existing level of
flood protection was estimated to be about a 75-year flood event
on the Yolo Bypass and the Sacramento River sides.

The Flood Insurance Administration of FEMA has recently
reevaluated the flood hazard potential for the West Sacramento
and surrounding areas. Based on reconnaissance level hydrology
and the structural evaluation of the levee embankment system
("Sacramento River Flood Control System Evaluation," Corps of
Engineers, May 1988), West Sacramento and the Elkhorn area do not
have 100-year levels of flood protection. Because of the
uncertainty of future development in these areas, no future
growth was considered in the reconnaissance phase of this study.
ER 1105-2-40, 2.4.11(b), "Economic Considerations," July 9, 1983,
specifies that future growth considerations are not required if
the benefit-to-cost ratio is above unity and if cost sharing is
not affected. Future growth scenarios are considered in the
Economics Appendix (Appendix A).

Based on preliminary analyses, the average annual damages
under without project conditions for West Sacramento were about
$12 million (assuming no future growth and that structural
repairs are implemented). For the Elkhorn area (under the same
assumptions) the average annual damages under without project
conditions are estimated to be about $200,000.

Modify Fremont Weir and Yolo Bypass. - Based on existing
conditions, about 200,000 cy of additional material would be
removed to ensure that land surface elevations both upstream and
downstream of the weir are generally no higher than the weir
crest elevation of 30.4 feet. With this option, flood stages for
the 100-year flood event or an event similar to the 1986 flood
event could be reduced between 0.1 and 0.5 foot in the Sacramento
River between the confluence with the Feather River and the
Sacramento Bypass. The most significant reductions in flood
stages would occur near Verona and the Natomas Cross Canal. The
reduction in flood stages for the 100-year flood event near the
Natomas Cross Canal would also reduce the flood hazard in the
Natomas area. The flood control benefits to the Natomas area
could easily exceed $2 million on an annual basis. In addition,
this option could also increase the level of flood protection to
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. the Elkhorn area along the Sacramento River. Total average
annual benefits attributable to this option is in excess of $2
million.

Widening the Fremont Weir and Yolo Bypass near the weir by
500 feet does not have a significant impact on flood stages in
the study area. Widening the Fremont Weir and Yolo Bypass by
1,500 feet has impacts similar to those indicated for the
sediment removal option and would result in average annual
benefits in excess of $2 million.

Lowering the weir crest about 1.0 foot and removing about
600,000 cy of material near the weir to ensure that land surface
elevations both upstream and downstream of the weir are generally
no higher than 29.4 feet would reduce flood stages near Verona on
the Sacramento River by about 1.5 feet. Average annual benefits
would be in excess of $2 million.

In general, the options available for modifying the Fremont
Weir and Yolo Bypass near the weir are economically feasible
based on preliminary analyses and provide a cost effective
approach to providing higher levels of flood protection to the
Natomas area. In addition, the options can also increase the
level cf flood protection and reduce the amount of levee work
that would be needed to achieve higher levels of flood protectionO for the Elkhorn area, assuming that the levee embankments around
the Elkhorn area are structurally stable at existing design
conditions.

Modify Sacramento Weir and Bypass. - Removing the existing
gates and forming a smooth concrete surface with a weir crest
elevation of 21.2 feet would not impact peak flood stages in the
study area for flood events similar to or larger than the
February 1986 flood event. Since peak flood stages that could
result in levee failure are similar with or without the gates, no
reduction in flood damages has been attributed to this option.
It is possible, though, that an ungated overflow structure could
reduce the risk that might be associated with manually opening
each of the gates. Since manual operation requires a field crew
and radio and telephone communication for instructions, there is
always the possibility that something could go wrong during flood
periods. Benefits that might be attributed to reduced risk
because of an ungated structure have not been quantified. In
addition, an ungated structure would reduce maintenance and
operation costs and could reduce the amount of levee improvements
required under other flood control alternatives.

Widening the weir and bypass and maintaining the existing
gate operation would increase the peak flows over the weir and
reduce peak flood stages in the Sacramento River downstream of
the weir for major floods similar to or larger than the February
1986 flood event. Even though peak flood stages are reduced in
Sacramento River adjacent to south Sacramento (including the. Greenhaven area), the level of flood protection would probably
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not change significantly for that area. Preliminary analyses on
the existing levels of flood protection for south Sacramento
(from the Sacramento river side) indicated a 200-year flood level
or greater. Since peak flood stages are not expected to increase
substantially over those indicated for the 200-year event, flood
damage reduction benefits attributable to the south Sacramento
area were considered insignificant. In addition, adverse flood
impacts (although small) resulting from increased flow in
Sacramento Bypass and Yolo Bypass would be mitigated to maintain
existing levels of flood protection. Since the existing level of
flood protection for the West Sacramento area on the Sacramento
Bypass and Yolo Bypass sides would be maintained (to meet
mitigation requirements), no benefit would result from this
option for West Sacramento.

Lowering the weir crest and maintaining the same gate
operation would have results similar to widening the weir and
bypass. Benefits attributable to this option would also be
small.

Divert Floodwaters into the Sacramento River Deep Water Ship
Channel. - Based on reconnaissance level evaluations, the costs
of this flood control measure exceed potential benefits. Because
of this and local opposition to the alternative, the alternative
was deleted from further consideration.

Modify Levees Around West Sacramento. - Based on preliminary
analyses the estimated level of flood protection for West
Sacramento is about a 90-year flood event. Actual levee failures
may occur at higher or lower recurrence intervals (flood stages),
depending on flood duration, wave action, bank erosion, emergency
efforts, etc. The 90-year level of flood protection assumes that
the levee embankments are structurally stable and that any
necessary structural repairs recommended in the "Sacramento River
Flood Control System Evaluation," Corps of Engineers, May 1988,
will be implemented prior to any improvements in this study.
(Structural repairs estimated for the levees around West
Sacramento cost between $2 and $3 million.)

Raising and widening levee embankments around West Sacramento
to provide design levels of flood protection for the 100-year and
200-year flood events would reduce potential flood damages to
West Sacramento and the Port. In accordance with planning
guidance for determining flood damage prevention benefits in the
freeboard range, benefits are claimed for one-half of the area
under the frequency-damage curve between the design level of
protection and the largest flood that might be carried within the
freeboard.

Based on preliminary analyses, the estimated flood damages in
West Sacramento from the 100-year and 200-year flood events
(under existing conditions) are $850 million and $1.2 billion,
respectively. Average annual damages under without project
conditions are about $12 million based on an existing 90-year
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. level of flood protection. Under with project conditions for
100-year and 200-year design levels, average annual benefits
would be about $6.5 and $9 million, respectively.

Remove Flow Constrictions from Yolo Bypass. - Replacing
highway and railroad embankment material with bridge or culvert
structures at 1-80 and the SPRR on the Yolo Bypass would reduce
flood stages in the Yolo and Sacramento Bypasses adjacent to West
Sacramento. For a major flood event, removal of the embankment
material could reduce flood stages in the Yolo and Sacramento
Bypasses upstream of 1-80 and adjacent to West Sacramento between
0.5 and 1.0 foot. Reductions in flood stages in the Sacramento
River and the Yolo Bypass above Woodland are relatively
insignificant.

A preliminary estimate of average annual damages for the West
Sacramento area under without project conditions are about $12
million (assuming an existing 90-year level of flood protection,
significant wave action and no flood fighting efforts). The
combined estimated construction costs for the removal of the
embankment sections is about $140 million. Any benefits
attributable to the reduction in flood stages is not significant
enough to justify the high costs associated with embankment
removal. (No significant change in the level of flood protection
would occur on the Sacramento River side of West Sacramento.)

. Summary

Information developed during the reconnaissance level
evaluation of the benefits and costs of the various flood control
measures is presented in Table 1. These measures have been
evaluated based on a 50-year project life (1995-2045), 8-5/8
percent discount rate and 1988 price levels.

Two of the measures considered, diverting floodwaters into
the Ship Channel and removing flow constrictions from the Yolo
Bypass (1-80 and the SPRR embankments), have very high costs and
potential adverse impacts. The high cost for using the Ship
Channel as a temporary flood control channel results from the
need for new levees on both sides of the channel adjacent to the
Port and associated relocation and reconstruction of major Port
facilities, such as docks, loading cranes, warehouses, etc. The
high cost involved in the removal of embankment material from
1-80 results from Caltrans' concern and need to avoid traffic
disruption on the interstate highway system. In addition, the
Sacramento-Yolo Port District, who owns and operates the Port of
Sacramento, does not support using the Ship Channel as a
diversion channel for floodwaters because of potential impacts to
ship traffic.

Modification of the Sacramento Weir and Bypass would have
only a minimal impact on reducing potential flood damages.
Removing the existing gates and forming a smooth concrete surface. with a crest elevation of 21.2 feet would have no significant
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impact on peak flood stages similar to or larger than the
February 1986 flood event in the study area. Widening the weir
and bypass or lowering the weir crest would increase peak flows
over the weir and would decrease peak flood stages in the
Sacramento River downstream of the weir. Adverse flood impacts
(although small) attributed to increased flow in the Sacramento
Bypass and Yolo Bypass would be mitigated to maintain existing
levels of flood protection. Existing levels of flood protection
along the Sacramento River downstream of the Sacramento Bypass
(on the south Sacramento side) were estimated to be greater than
the 200-year flood event based on preliminary studies. Since
peak flood stages are not expected to increase substantially over
those indicated for the 200-year event, flood damage reduction
benefits attributable to the south Sacramento area were
considered insignificant. Also, since the existing level of
flood protection for the West Sacramento area on the Sacramento
Bypass and Yolo Bypass sides would not change, no benefit would
result from this option for West Sacramento.

As indicated in Table 1, the flood control measures that were
economically feasible include modifications to the Fremont Weir
and Yolo Bypass and levee improvements for the city of West
Sacramento. Most options considered for the Fremont Weir and
vicinity have a benefit-to-cost ratio of 1.5 and greater. All
options would result in-small increases in water surface
elevation (because of increased flow over the weir) in the Yolo
Bypass between the Fremont Weir and Sacramento Bypass for major
flood events. These adverse flood impacts would be mitigated to
maintain existing levels of flood protection adjacent to the Yolo
Bypass. Flood control benefits attributable to the Fremont Weir
options are primarily in the Natomas area because of reduced peak
flood stages in the Sacramento River near the Natomas Cross
Canal. For the West Sacramento area, 100-year and 200-year
preliminary design levels of flood protection (attained by
raising existing levees) result in about $6.5 and $9 million in
average annual benefits and benefit-to-cost ratios of 18.5 to 1
and 15 to 1, respectively.
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TABLE 1

ECONOMIC SUMMARY OF FLOOD CONTROL MEASURES 1/
(1988 Price Level, 8-5/8% discount Rate, 1995-2045 Project Life, $1,000)

Flood control First Cost Annual Annual B/C
Alternatives 2/ Construction Environmental Cost 3/ Benefit Ratio

Modify Fremont Weir
and Yolo Bypass

Remove material 650 100 130 2,000 4/ 15.4+
Widen 500 feet 9,000 1,000 925 minimal --

Widen 1,500 feet 13,400 1,000 1,305 2,000 4_/ 1.5+
Lower weir 0.5 feet 1,470 100 200 2,000 4/ 10+
Lower weir 1.0 feet 2,035 100 250 2,000 4/ 8+

Modify Sacramento Weir

and Bypass
Remove existing gates 85 - 10 minimal 5/ --

Widen 500 feet 7,200 60 645 minimal --

Widen 1,500 feet 14,900 60 1,325 minimal --

Lower weir 0.5 feet 1,500 -- 130 minimal 5/
Lower weir 1.0 feet 1,750 -- 160 minimal 5/ --

Divert Floodwaters
into the Sacramento Preliminary evaluations indicate costs significantly
River Deep Water Ship greater than benefits
Channel

Modify Levees around
West Sacramento

100-year plan 3,800 100 350 6,500 18.5
200-year plan 6,700 150 610 9,000 15

Remove Flow Constric-

tions from Yolo Bypass
1-80 and the SPRR 141,000 200 12,500 signifi-

cantly less

than annual

cost

1/ All values estimated from reconnaissance level data and are preliminary in nature.
2/ Assumes levees are structurally stable under existing design conditions.
3/ Includes monitoring, maintenance and environmental costs.

4/ Estimate of annual benefits are in excess of $2 million and are primarily attributable to the Natomas area.
5/ Benefits attributable to an ungated overflow structure have not been evaluated in sufficient detail other

than for flood damage reduction benefits. Benefits attributable to reduced risk (elimination of the manual
operation), reduced maintenance and operation costs and reduced amounts of levee improvements associated with
other flood control alternatives have not been quantified. Because of the low cost of these options, a. detailed benefit evaluation could indicate the options are economically feasible.
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CMAPTER I- N1(XLII

1. AU]HRITY - This study was conducted under the authority of the Flood
Control Act of 1962 (Public Law 87-874, dated October 23, 1962) as follows:

"The Secretary of the Army is hereby authorized and directed to cause
surveys for flood control and allied purposes, including channel and major
drainage provements, and floods aggravated by or due to wind or tidal
effects, to be made under the direction of the Chief of Engineers, in
drainage areas of the United States and its territorial possessions, which
include the following named localities: Sacramento River Basin and streams
in Northern California draining into the Pacific Ocean for purposes of
developing, where feasible, multi-purpose water resource projects,
particularly those which would be eligible under the provisions of title
III of Public Law 85-5001."

2. P[RPOSE A) SXOPE - The main purpose of this study is to determine the
current level of protection provided by the Sacramento River Flood Control
System around West Sacramento. This determination became necessary after
the large flood event of February 1986 heavily taxed the system. The 1986
flood produced higher flows and stages at some locations within the Flood
Control System than any flood since the 1862 flood. This flood was extreme
despite the construction of many upstream dams and flood control structures
in the years since 1862.

O After this event, the American River and Sacramento Metro investigations
were initiated. This report will focus on the Sacramento Metro study. This
report can be considered as an addendum to the American River report since
it will present data developed subsequent to the American River report.
Results of the American River study can be found in the report entitled,
"American River and Sacramento Metro Investigations, California" and dated
January 1990. The American River report will be referenced throughout this
report.

The Sacramento Metro study required detailed hydrologic input to answer
many questions which arose during and after the February 1986 event. To
answer these questions, Planning Division coordinated various work order
requests with Hydrology Section. Listed below are main job items contained
in these work order requests.

Compare the 1986 event to design flows and stages.
(see Table 3, page 8 and Charts 44 to 46)

Compute the 100-, 200- and 400-year flood volumes at Fremont Weir
(see Chart 13)

Compute the 100-, 200- and 400-year stages at various locations.
(see Charts 34 thru 43 and Tables 17 to 23, pages 50-56)
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Carpare the 1986 peak stages with the 100-year stages at various
locations.
(see Tables 17 to 22, pages 50-55)

Develop Flow-Frequency curves for the American River
(see Chapter III, Section 2 and Charts 6 and 7)

Determine the effects of increased storage capacity on
the American River.
(see Tables 17 to 22, pages 50-55)

Determine the sensitivity of possiblity levee failures.
(see Tables 17 to 23, pages 50-56)

Determine the effects of removing the boards at Sacramento Weir.
(see Table 22, page 55 and Charts 47 and 48)

The scope of Sacramento Metro study is confined to the West Sacramento
area. This includes the Yolo Bypass, Sacramento Bypass and the Sacramento
River below the Sacramento Weir. Although the scope is limited, events over
a large geographical area determine the amount of flow in the West
Sacramento area. Over 23,000 square miles of drainage exists in the
Sacramento River basin above West Sacramento. Therefore, to study the West
Sacramento area, it was necessary to determine the contribution of the
entire Sacramento River basin. This report will discuss the development of S
assumptions and computer models for the entire basin and show how various
conditions in the basin effect the West Sacramento area. The American River
report also looked at the entire Sacramento River basin as well as the
American River above Folscm. The American River above Folsan will not be
discussed in this report

This report will provide the above listed data, along with necessary
supporting data, in the form of text, tables and charts. Chapter II
presents basic descriptive hydrology of the study area. Included in this
description are: topography, soils, vegetation, climate, the Sacramento
River Flood Control System (SRFCS), and a discussion of general basin flood
and flow characteristics. Chapter III looks at the hydrologic analysis of
the study area for both the 1986 event and synthetic events. This chapter
includes the development of volume-frequency curves for both the Sacramento
and American Rivers. Chapter IV looks at the hydraulic analysis of the
study area using the DWOPER (Dynamic Wave Operational Model) computer
program. Chapter V discusses the development of the stage-frequency
curves. Chapter VI discusses possible modifications of the Sacramento
Weir. Chapter VII lokks at wave runup calculations for the Yolo Bypass.

3. Mmni PHFILAMS - Due to many flow and stage ccoplexities, it was
necessary to use two computer programs to successfully model the study
area. Rainfall runoff was computed using the HEC-l Flood Hydrograph
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* Package. This package was used where backwater effects are not a problem.
In areas of major backwater influence, negative head differences (ie:
upstream flow) and stage caused weir flow, the DWOPER (Dynamic Wave
Operational Model) computer program was used. This program, developed by
the Hydrologic Research Lab branch of the National Weather Service, is
designed to be used in areas where backwater effects are troublescme for
routing methods used in HEC-1 and HEC-2 (Water-Surface Profiles). DWOPER
also affords the user the luxury of combining flow and stage hydrographs in
order to test concurrencies and incorporate the influences which stage and
flow have on each other, something that can be a problem when using HEC-2.

A. HS-1 Model - The areas listed below were modeled with HEC-I.

RIVER AREA
Sacramento River System Above Fremont Weir
Feather River Above Bear River
Natcmas Cross Canal Above Pleasant Grove Canal
American River Above Folsom
Natcmas East Main Drain Arcade Creek

Dry Creek
Local above Dry Creek (Elverta drainage)

B. N3m IEL - The reaches listed below were modeled with DWOPER.

RIVERI REAC
Sacramento River Tisdale Weir to Courtland
Sutter Bypass Tisdale Weir to Fremont Weir
Yolo Bypass Fremont Weir to Lisbon
Feather River Bear River to Sacramento River
Natcmas Cross Canal Pleasant Grove Canal to Sacramento River
American River Nimbus to Sacramento River
Natcmas East Main Drain Sankey Road to American River

* 3
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CHAP=31f - SIPI-RE -I OflY

1. BASINIfllIl-

A. GMM - The Sacramento River basin at the I-Street bridge drains
approximately 23,500 sq mi. The General Map, Chart 1, shows the central
portion of the Sacramento River Basin. The basin extends from near the
Oregon border on the north, the peaks of the Sierras on the east, and
the Coast Ranges on the west. Sane of the main contributing rivers and
creeks to the Sacramento River are the Feather and American Rivers and
Cottonwood Creek. Flows on the American are controlled by Folsan Dam.
Flows on the Feather are partially controlled by Oroville Dam. Some
uncontrolled flows enter the Feather River below Oroville Dam.
Cottonwood Creek is uncontrolled. Other uncontrolled flows enter the
Sacramento River as it flows in a southerly direction from Shasta Dam to
Sacramento.

B. T U!LtRAHY - Topography of the basin varies fran flat valley areas and
low rolling foothills, to steep mountainous terrain. Elevations in the
Sacramento Basin below Shasta and above Red Bluff range from about 280
feet to near 8,000 feet in the upper reaches of Cottonwood Creek. In
this reach, the main sten of the Sacramento River has a slope of about 5
ft/mi. In the reach fran Red Bluff to Ord Ferry, elevations range fram
less than 100 feet at Ord Ferry to near 10,000 feet at the top of Mt.
Lassen. Approximately 50% of the area is below 1,000 feet. The average
slope of the Sacramento River is about 1 ft/mi. Below Ord Ferry and V
above Fremont Weir, elevations range fran below 100 feet to near 3,000
feet in the Coast Ranges. The slope of the Sacramento River is less
than 1 ft/mi. Below Fremont weir, the Sacramento River is fed by the
Feather and American Rivers. The elevations in the Feather and American
Rivers range fram about 100 feet to near 10,000 feet in the upper
reaches of the Sierra.

C. SOILS - Soil cover in the Sacramento River Basin is moderately deep with
classifications varying from sands, silts and clays in the valley areas
to porous volcanic area in the northern end of the basin. In the
American and Feather River Basins, the soils range from granitic rock in
the upper elevations to alluvial deposits in the valley areas.

D. V I - Vegetation in the higher elevations of the study area is
doainated by coniferous forest. The foothills and valley areas are
dcminated by an oak-brush-grassland environment. Many valley areas in
the Sacramento River Valley are cultivated.

2. CEAIS• - The climate in the Sacramento River Basin is temperate and varies
according to elevation. In the valley and foothill areas the summers are
hot and dry and the winters cool and moist. At the higher elevations the
suners are warm and slightly moist and the winters are cold
and wet.
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* A. PMUE - Average annual temperatures in the Sacramento River Basin
range fram the middle 60's in the valley areas to the low 50's at the
higher elevations. Temperatures range from nearly 120 degrees in the
northern valley to below zero in the Sierra Nevadas. Average monthly
temperatures for the National Weather Service's Downtown Sacramento
location are shown on Table 1.

TABLE 1
NATIONAL WEATHER SERIVCE - DOWNTOWN SACRAMENTO STATION AVERAGE

MONTHLY TEMPERATURES

MONTH MAXIMUM FM
January 53.9 40.2
February 60.6 43.7
March 65.4 45.2
April 71.9 48.2
May 79.7 52.8
June 87.1 57.3
July 93.1 60.0
August 91.5 59.6
September 87.6 58.1
October 78.0 52.6
November 64.1 45.3
December 54.6 40.4

Yearly 74.0 54.3

B. PffAIPI(/I - Normal annual precipitation (NAP) varies widely
throughout the basin, ranging from the low teens in valley areas to over
70 inches in sane mountain areas. NAP maps can be found on Charts 2, 3,
and 4. Normal monthly precipitation totals for Sacramento (#11 on Chart
3), Red Bluff (#8 on Chart 2), and Georgetown Ranger Station(#58 on
Chart 4) are shown on Table 2.
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AVERAGETABME 2

AVERAGE MONTHLY PRECIPITATION (inches)

MONTH SACRAMENTO RED BU)FF GEORGETOWN R_
January 4.18 4.50 11.36
February 2.94 3.31 7.72
March 2.18 2.39 7.06
April 1.44 1.51 4.79
May 0.35 0.77 1.77
June 0.13 0.43 0.57
July 0.05 0.06 0.23
August 0.09 0.10 0.28
September 0.30 0.46 0.68
October 0.90 1.16 2.88
November 2.31 3.10 6.24
December 3.00 3.59 9.35

Annual 17.87 21.38 52.93

3. EISTUG WATER RESOORCES3 - There are many existing projects in
the study area. A description of many of these projects can be found in
the report entitled "Sacramento Metropolitan Area, California,
Reconnaissance Report", Dated February 1989.

4. SRVRAR FI ED CONTL SYSTEM - The Sacramento River Flood Control
Project, shown on Chart 3, was authorized by the Flood Control Act of 1917. S
The project consisted of putting levees along the major rivers, to handle
the small flood flows, and constructing a levee bypass system to handle
large floods.

The flood control project was designed on the basis that 600,000 cfs
passing Rio Vista constitutes a very rare flow and the upstream flows that
contribute to the 600,000 cfs were also rare events. The project's levees,
weirs and bypasses are shown below.

LEVEED REACHES

RIVER REACH
Sacramento Ord Ferry to San Francisco Bay
Feather City of Oroville to Sacramento River
American Mayhew Drain to Sacramento River

WEIRS BYPASSES
Moulton Sutter
Colusa Yolo
Tisdale Sacramento
Fremont
Sacramento
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O Also included were numerous levees to control backwater from the River and
Bypass system.

Storms from the Pacific track through the Sacramento River Basin, of which
the Feather and American Rivers are tributaries, in many different ways.
The System intercepts the runoff and moves it, without being life
threatening, to the San Francisco Bay. Flood waters caning down the
Sacramento River flow over the Tisdale Weir first, the Colusa Weir second,
Fremont Weir third, Moulton Weir fourth, and the Sacramento Weir last.
Tisdale, Colusa, and Moulton Weirs overflows enter into the Sutter Bypass,
which dumps its waters into the Yolo Bypass, over Fremont Weir, and the
Sacramento River at the Feather River mouth. Fremont Weir water goes into
the Yolo Bypass, which empties back in to the Sacramento River near Rio
Vista. The Sacramento Weir water flows through the Sacramento Bypass into
the Yolo Bypass. The Feather River flood flows comingle with the Sutter
Bypass flood waters upstream of the Feather River mouth. American River
flood flows enter into the Sacramento River and flow both downstream and
upstream. Upstream flows enter the Yolo Bypass via the Sacramento Weir and
Sacramento Bypass. The levee crown elevations were originally established
using water surface profiles that ccmplemented the design flows (that made
up the 600,000 cfs) and an estimated freeboard to handle the wind waves.
The level of protection that the levees provide is an unknown. Because of
the 1986 flood, studies are being conducted to determine the level of
protection that all the levees in this system provide.. Since the original project was authorized, many reservoir projects have
been constructed to control the runoff into the Sacramento River system.
Same of these major projects are shown below.

YEAR FLOOD CONTROL SPACE
RESERVOIR BUILT (ac-ft) STREAM
Shasta 1945 1,300,000 Sacramento
Oroville 1967 750,000 Feather
Folscm 1956 400,000 American
New Bullards Bar 1966 170,000 Yuba
Black Butte 1963 137,000 Stony

Historical floods have tested this system many times, but none stressed the
system like the February 1986 flood. In many areas the design flows were
exceeded.

The Sacramento flood control system stages are sensitive to all flows and
levee failures within the system. The stages in the area of Fremont Weir
are dependent upon how the flows occur in time and magnitude in the
Sacramento, Feather, and American Rivers. In addition, historically,
during major runoff events levee failures have helped to reduce downstream
stages. Thus, if upstream levees are prevented from failing, there is a
greater potential for higher stages than have occurred historically. During
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the February 1986 flood event, the lower part of the system, fron the mouth
of the Feather River to below Rio Vista, experienced flows which surpassed
previous records. Table 3 lists a cariparison of 1986 flows and stages to
design flows and stages.

TABLE 3

COMPARISON OF DESIGN FLOWS AND STAGES
AND

PEAK FMLS AND STAGES DURD FEBRUARY 1986 FLOO EVENT

Chart February February.
1 1986 1986

Location Design Peak Design Peak
Number Flow Flow Stage Stage

Location (cfs) (cfs) (msl) (msl)
Sacramento River 34 107,000 92,900 38.2 39.11
at Verona

Sacramento River 39 343,000 341,000 37.8 38.54
Fremont Weir Spill

Yolo Bypass 40 377,000 374,000 31.3 31.46
near Woodland

Yolo Bypass 49 490,000 495,000 to 23.2 24.88
near Lisbon 509,000

(estimated)

Sacramento River 42 112,000 127,680 31.5 30.56
Sacramento Weir
Spill

Sacramento River 45 110,000 115,000 31.1 30.58
at I-Street

Sacramento River 48 110,000 117,000 25.4 25.11
at Freeport

American River 44 115,000 134,000 40.0 40.4
at H-Street 152,000 42.0
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* 5. ENEA BASIN FLOMD ACS - Major flood producing storms over
Northern and Central California are generally associated with storm systems
which originate in the Gulf of Alaska and develop a warm, moist air inflow
from about the latitude of Hawaii. This combination results in moist
unstable air. As the air mass encounters the north-south Coast Range it is
orographically lifted (lifting caused by a mountain range). This lifting
causes a cooling of the air mass. As the air cools, its ability to hold
water is reduced. Therefore, the water which cannot be retained aloft is
released as rain or snow. This is the basic recipe that caused the
February 1986 flood event.

Adding to the natural storm and flood complexities are the reservoir
releases within the flood control system. Even though these reservoirs
control rare events, their releases can also result in large flows. Since
Mother Nature's wrath cannot be 100% predicted, times will ccme when large
releases are necessary to make room for unforeseen inflows. In 1986, large
flood flows in the American and Feather Rivers were a result of releases
from Folsom and Oroville Dams, which were smaller than the inflows to these
reservoirs.

6. FILW Q•ARACfl9ICS - The flood control system exhibits many complex flow
characteristics. Included in these complexities are weir diversions,
upstream flows and mutual backwater effects at river junctions. Two of the
more interesting locations are mentioned below.

A. Feather River - During periods when the Feather River is experiencing
high flows, as in 1986, the peak stage recorded at the Sacramento River
at Verona gaging station (39.11 NGVD in 1986) is higher than the peak
stage recorded at the Sacramento River at Fremont Weir West End station
(38.56 NGVD in 1986) even though the West End station is approximately 5
miles upstream of Verona. Surface flows have been observed moving in
the upstream direction, during several large floods.

B. American River - During periods when the American River is experiencing
high flows, as in 1986, the diversion effect of the Sacramento Weir will
cause American River waters to merge with the Sacramento River waters
and flow upstream in the Sacramento River, exiting over the Sacramento
Weir into the Yolo Bypass.
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rM III - nuaOc ANALYSIS

1. - This chapter will discuss the development of: (1) the
flow-frequency curves for the American River at Fair Oaks, and (2) the
volume-frequency curves at the confluence of the Sacramento and Feather
Rivers (SFRC). These analyses were used to develop the flow hydrographs
used as input to DWOPER. Additional discussion on the American River can be
found in the American River report.

2. AmIRim RTvfl -

A. FIUW-•FRFJHY ANALYSIS -

1. ukreulatea Cadit - In 1961, a statistical analysis was done to
estimate the likely frequency of occurrence for various flows in the
American River at the Fair Oaks gage downstream from Folsom Dam. This
analysis indicated that Folsam could control all flows up to the
120-year flood. However, because of the 1986 flood and since 5 of
the 10 largest flows in the basin for 82 years have occurred since
1961, and 7 of 10 largest events have occurred since 1951, a new
flow-frequency analysis was conducted. The first step in this
re-analysis was to update the unregulated rainflood volume-frequency
relationships at the Fair Oaks gage. These relationships reflect the
flow data collected for the period 1905 to 1954 and adjusted flow
data from 1955 to 1986. The adjusted flow accounts for the effects
of French Meadows, Hell Hole, Loon Lake, Union Valley, and Ice House S
Reservoirs. Refer to the American River report for the locations of
these reservoirs. This adjustment is necessary to provide aconsistent record for statistical analysis.

Updated rainflood volume-frequency curves are shown on Chart 6. They
reflect 82 years of record (1905-1986) for unregulated conditions for
the American River at the Fair Oaks gage, for 1-, 3-, 5-, 7-, 10-,
15-, and 30-day durations.

2. Existing (Regulated) C itinns - A revised peak flow frequency curve
was developed for the American River at Fair Oaks. Estimated effects
of storage in the reservoirs upstream in the basin were included in
the derivation of the curve. The 31 years of actual recorded flow
data since construction of the dam were used to define the plotting
positions of flows more frequent than about the 50-year exceedence
interval. To help define the plotting positions of flows less
frequent than the 50-year event, hypothetical flood hydrographs were
developed and routed through Folscm. The routing assumed currently
applicable criteria, sane of which has been updated fran that used in
the operation during the February 1986 flood. The resultant
flow-frequency curve is shown on Chart 7.
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The effects of the upstream reservoirs are shown on the 100-year
hydrograph on Chart 8. The reduction in inflow to Folsom Lake due to
storage in these reservoirs is evident in the rising limb of the
100-year hydrograph. A review of historical floods showed that about
47,000 ac-ft of effective upstream storage would be available "on the
average" during major floods up through the 100-year frequency. No
reductions in inflow to Folsom were made for floods larger than the
100-year. It was assumed that preceeding storms are sufficient to
fill the upstream storage space. Only about 14 percent of the
American River Basin lies above the upstream reservoirs.

The following assumptions were used in the reservoir routings for
Folsom:

A. At the beginning of each hypothetical flood, Folsom was assumed to
have an initial encroachment of 80,000 ac-ft in the flood control
space with a concurrent outflow of 20,000 cfs. The encroachment
was based on historical averages and to account for uncertainties
in realtime operation. The outflow of 20,000 cfs is the assumed
flood control release.

B. Releases from Folscm Dam were limited by outlet and spillway
capacities. Releases below the spillway crest were made through
the outlet works. An additional 7,000 cfs was released through
the powerhouse.

C. Releases were made in conformance with the Flood Control and
Emergency Release Diagrams currently in use. The Emergency
Release Diagram governs releases greater than the design channel
capacity.

3. Fblscm Reservoir Outflow Summary - Table 4 summarizes Folsom
Reservoir outflow flow-frequency relationships. It shows peak
inflows and outflows for selected flood events. The table shows that
Folsom can control all events up to the 63-year flood to outflows of
115,000 cfs or less. It also indicates that above the 200-year
event, outflow will be approximately equal to inflow. Chart 9 shows a
plot of the Standard Project inflow hydrograph.
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FOLms RESERVOIR OUTFLOW - FLOW FREQUENCY

Flow-Frequency Peak Peak
Return Period Inflow Outflow

(yrs) (1000 cfs) (1000 cfs)
50 274 115
63 300 115
85 332 180

100 353 234
200 442 432
250 (SPF) 530 530
400 543 543
500 578 578

1 Due to the failure of an upstream cofferdam, the February 1986 peak inflow
was around 900,000 cfs. The peak outflow was 134,000 cfs.

3. SARNf)RIVER -

A. GEHA - The Sacramento-Feather River confluence (SFRC) is the
catbination point of over 21,000 square miles of drainage. Below this
point, flood flows are split between the Sacramento River, which
continues past the junction with the Natcnas Cross Canal, and the Yolo
Bypass. This study required the developient of the 100-, 200-, and S
400-year flood hydrographs and stages at the SFRC point in the
Sacramento River Flood Control system under present hydrologic
conditions. The peak flows from these three floods will be used to
determine stages for these frequencies in the Sacramento River and Yolo
Bypass at selected locations from the Sacramento-Feather River
Confluence (SFRC) downstream to Lisbon on the Yolo Bypass and to
Courtland on the Sacramento River. The following paragraphs describe (1)
the flood characteristics and basin; (2) basin model selection and use;
(3) the methods used to determine the flow volume frequency curves for
SFRC; and (4) the derivation of the 100-, 200-, and 400-year floods.

B. FLOOD MRM ISTICS W IER RIVE BASIN E-S]-IIfI -

Flood flows in the upper Sacramento River Basin below Shasta Dam are
generally confined to their channels and their irmediate overbank areas.
After passing near Red Bluff and the Iron Canyon Ridge, the Sacramento
River flows onto a broad alluvial plain flanked by the Butte and Colusa
basins. Most of the tributary flows do not enter the Sacramento River
directly but instead flow for considerable distance downstream through
the Butte and Colusa basins before reaching the Sacramento River. See
General Map, Chart 1. The Butte and Colusa basins have, in the past,
received considerable overflow from the main river floods. The
principal flood basins between Red Bluff and the SFRC are described in
the following subparagraphs.
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1. Butte Basin - Butte Basin is north of Sutter Buttes and south of the
latitude of Ord Ferry. It has an area of 150 square miles and a
detention-storage capacity of 700,000 acre feet at flood stages. It
receives overflow water from Sacramento River over low banks near Ord
Ferry (when the river is above 90,000 cfs); through the overflow weir
at Moulton (when the river is above 60,000 cfs), and Colusa Weir
(when the river is above 30,000 cfs); and has received overflow north
of the Sutter Buttes from the Feather River prior to construction of
levees along the west bank of Feather River. Butte Basin discharges
pass through the Butte Slough outfall gates into the Sacramento River
when the river is low, and into Sutter Bypass when the river is high.

2. Sutter Basin - Sutter Basin is south of Sutter Buttes. It has an
area of 138 square miles and has a potential detention-storage
capacity of 890,000 acre-feet when levee failures occur. Design
capacity of the Sutter Bypass varies from 178,000 cfs below the
Sutter Buttes to 216,000 cfs at its confluence with the Feather
River.

3. Colusa Trough - Colusa Trough is on the west side of the Sacramento
River, extending fran south of Stony Creek to Cache Creek, and has a
detention-storage capacity of 690,000 acre-feet. The eastern side of
this basin has been partially reclaimed by levees and an interception
ditch along the west side of these levees. The interception ditch
discharges into Sacramento River through Knights Landing outfall
gates when the river is low, or into the Yolo Bypass through Knights
Landing Ridge Cut when the river is high. Flows in the Sacramento
River at Ord Ferry would have to exceed 300,000 cfs before any water
would spill into the Colusa Trough.

4. Feather River Ievees - The levees along the Feather River and its
tributaries from Oroville to Nicolaus protect about 530 square miles
fran flooding, with an estimated detention storage of over 600,000
acre-feet with levee failure. Design channel capacity on the Feather
River varies from 210,000 cfs above the Yuba River to 320,000 cfs
below the Bear River. The Yuba River, frcm the Feather River to
about 8 miles upstream, has a channel capacity of 180,000 cfs when
Feather River flows are low, and 120,000 cfs when Feather River flows
are high.

The largest peak flows at the SFRC seem to be caused by storm centerings
over the Feather River Basin. Since the 1930's, good flow records have
been available on a continuous basis for most of the drainage area above
the SFRC. The three largest storms during this period, February 1986,
December 1964 and December 1955, were centered over the Feather River
Basin.

* 13
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C. B&SIN RMEL - As previously discussed, the Sacramento River System below
the latitude of Ord Ferry is very complex. Many flood control and
channel projects have been completed in the basin during the last 60
years. The historic flow and stage data at the Sacramento-Feather River
confluence reflect a variety of upstream regulation and levee
improvements. To correctly analyze these regulations and improvements,
it was necessary to adjust the historic flow record of the Sacramento
River and its tributaries to present hydrologic conditions. This was to
be accomplished using a routing model to route the larger historical
flood flows through the reservoirs and the flood control system. Two
routing models were tested: the NOAA River Forecast Center's RWT 70
model, and the HEC-l model used for the Cottonwood GDM Report.

RWT 70 is a real time model used by the California Department of Water
Resources and the Federal River Forecast Center to route flows through
the Sacramento River Basin. The operation of this model was compared to
the NEC-I model of the flood system and was found to be more difficult
to operate than the HEC-l. It is also inflexible when it comes to
modeling possible levee failure scenarios.

The HEC-I model was chosen for its flexibility and its ability to use
different routing and diversion methods.

To simulate the movement of the flood flows through the flood control
system, an BEC-I model was set up to route the Sacramento River at Ord
Ferry flood hydrograph into the upper Butte Basin, where it was combined
with flows from Butte Creek and local areas. The combined flows were
then routed, using a simulated reservoir routing, through the Sutter
Bypass to Highway 162 and downstream to the Feather River. The Feather
River hydrograph above the Yuba River was ccubined with the Yuba River
hydrograph to produce the combined flow on the Feather River at Shanghai
Bend. The flow at Shanghai Bend was combined with the flow from the
Bear River and then routed to the Sutter Bypass and combined with the
Sutter Bypass flows. This flow was routed to the Fremont Weir where it
was combined with the Sacramento River before flowing over Fremont Weir.
The routing diagram is shown on Chart 10.

The HEC-i model was calibrated using the 1983 and 1986 floods.
Reproductions are shown on Charts ii and 12. These floods were used
because the upstream basins reflected all of today's conditions with all
present flood control features in operation.
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All input hydrographs reflected present conditions, and were input into
the model at:

A. Sacramento River at Ord Ferry

B. Butte Creek at Chico

C. Butte Basin Local

D. Feather River above the Yuba River (200- and 400-year floods only)

E. Yuba River above the mouth (200- and 400-year floods only)

F. Bear River at Wheatland

Output hydrographs were computed for the following locations:

A. Sacramento River-Feather River confluence

B. Sacramento River at Verona

C. Yolo Bypass below the Fremont Weir

D. VCWLI-FREQJNIY CUR[VS - The development of the 100-, 200-, and
400-year floods and stages required an understanding of what causes the
high stages at the SFRC. A review of several large floods revealed that
a large number of flow ccmbinations from the Sutter Bypass, Sacramento
River and Feather River can occur. Therefore, a volume-frequency
relationship was developed at the SFRC, which reflects the many
concurrent flows that have occurred historically. The 100-, 200-, and
400-year floods were calculated using this relationship.

Volume-Frequency Curves were developed for durations of 1-, 3-, 5-, 7-,
10-, and 15 days. These curves reflect today's conditions with all
present flood control features in operation. They also reflect no levee
failures until design flows have been exceeded. Design capacities of
upstream project levees are shown in Table 5. Upstream flood control
reservoirs are listed in Table 6. In order to compute the
volume-frequency curves, the data must be as homogeneous, continuous and
reliable as possible.

* 15



SACRAMENTO METRO INVESTIGATION HYDROLOGY OFFICE REPORT

TABLES5

DESIGN FEWL-S ABOVE THE
SARENO-FEArER RIVER CONFIUENCE

Design Flows
Location (in cfs)

Sacramento River Below
Ord Ferry 90,000
Butte City 160,000
Moulton Weir 135,000
Colusa Weir 66,000
Tisdale Weir 30,000

Sutter Bypass
Sutter Buttes to Tisdale Bypass 155,000
Tisdale Bypass to Feather River 180,000
Feather River to Fremont Weir 380,000

Feather River
Above Yuba River 210,000
Below Yuba River 300,000
Below Bear River 320,000

Yuba River 120,000

Sacramento-Feather River Confluence 410,000

TABLE 6

UPSTREAM FLOOD CONTRCL RESERVOIRS

Year Total Flood Control Controlled
Storage Start Capacity Space Max. Release Downstream
Facility Storage 1000 AF 1000 AF 1000 cfs Protection

Shasta Res. 1943 4,552 1,300 79 100 year
Black Butte Res. 1963 160 137 15 60 year
Oroville Res. 1964 3,538 750 150 150 year
New Bullards Bar 1969 960 170 50 100 year

In order to have a homogeneous data set for developing the frequency
curves, all flow data must reflect present physical conditions. Even
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though many floods have occurred, it is extremely difficult to
reconstruct all the flood hydrographs for the purposes of routing them
through the present system.

The drainage area above the SFRC is very large, and many different rain
flood centerings are possible. Using the largest floods that occurred
during a continuous record, provides a good representation of many
different centerings. Floods for the period 1929-1988 were selected
because continuous records were not available for floods prior to 1929.

The eleven largest floods from 1929-1988 (59 years) were chosen to
determine the volume frequency curve from the 6-year to the 100-year
event. Historic hydrographs were developed to reflect routing effects of
upstream flood control reservoirs. These hydrographs were routed, using
the aEC-1 model, to the Sacramento-Feather River confluence to obtain
peak and volume-duration flows at this point. Peaks and volumes for
these floods are shown in Table 7.

TABLE 7

SACRAEN1•O-FEATHER RIVER CCNFLUENCE HISTORICAL FLOODS OF

RECORD ADJUSTED TO PRESENT CONDITIONS

Flow in 1000 Mean Day-cfs

DATE PEAK 1-DAY 3-DAY 5-DAY 7-DAY 10-DAY 15-DAY
Dec 1937 304.4 297.1 261.6 210.4 176.6 141.8 108.0
Feb 1940 322.4 308.9 286.1 252.6 220.2 190.6 161.4
Mar 1940 239.5 237.8 224.5 194.8 173.9 155.8 129.9
Jan 1942 260.5 257.6 248.8 226.3 207.1 182.0 172.7
Dec 1955 368.6 366.5 344.3 313.2 281.2 243.7 195.5
Feb 1958 254.0 251.0 241.8 220.6 208.6 199.5 164.4
Dec 1964 379.4 368.4 351.2 315.6 281.9 240.5 183.0
Jan 1970 308.4 304.4 291.9 276.2 265.3 252.5 229.7
Jan 1974 205.9 205.1 202.2 195.1 185.3 171.2 150.2
Feb 1983 281.7 278.6 264.1 246.4 229.3 211.4 205.6
Feb 1986 429.8 414.0 387.9 355.0 319.1 281.9 236.4

Since these are the 11 largest floods recorded in a continuous record of
59 years, the peaks and duration flow from these events were assigned
mean plotting positions for that period and then plotted on log
probability paper. A best fit linear curve was then calculated for each
duration using Leo R. Beard' s method for analytical frequency
computation, anitting events more frequent than the 6-year event. The
method is explained in "Statistical Methods in Hydrology," published by
the U.S. Anny Corps of Engineers, Sacramento District in 1962. The
computed statistics and the flow-duration curves are shown on Chart 13.
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